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Original Communications 


SURGICAL TREATMENT OF MITRAL INSUFFICIENCY 


EARLE B. Kay, M.D., AND FREDERICK S. Cross, M.D., CLEVELAND, OHIO 
(From the Surgical Service, St. Vincent Charity Hospital and St. Luke’s Hospital) 


ITRAL insufficiency may result from absolute loss of valve substance from 

cicatricial contraction of the valve leaflets, fixation of the leaflets in the 

open position by contraction of the chordae tendineae, or by relative loss of 

valve substance from dilatation of the mitral ring secondary to left ventricular 

hypertrophy and dilatation in the attempt to increase cardiac output. Any 
one of these conditions, either alone or in combination, may oceur. 

Examination of hearts of patients dying from mitral regurgitation, as 
well as palpation of the regurgitant jet with the intracardiac finger at the time 
of surgery, shows that the posteromedial one-third to one-half of the mitral 
orifice is deficient in occluding valve surfaces during ventricular systole. This 
may or may not be associated with varying degrees of stenosis from obliter- 
ation of the anterolateral commissure. 

Previous techniques at surgical repair of mitral insufficiency have at- 
tempted to substitute various types of grafts’? for valve substance, or to 
occlude the incompetent opening by various types of plastic baffles.» * This 
latter technique has the obvious disadvantage of introducing a foreign body 
into the heart. We have had initial success with the use of pericardial grafts, 
only to have the graft become fibrotic and ineffective at a later date. This 
experience with the use of pericardial grafts has been noted by others. Davila 
and associates’ recently reported experimental observations relative to reduc- 
ing the size of the mitral ring by a circumferential suture about the ring. In 
the future the development of a simple, but effective, pump-oxygenator may 
allow for open operation upon the mitral valve, but until that time such opera- 
tions will have to be confined to closed techniques. 

The regurgitant flow of blood can be entirely stopped, as determined by 
the intracardiac finger, by pushing the posterior wall of the auricle at the 
site of the mitral valve forward or anteriorly, thereby decreasing the size of 
the mitral ring in an anteroposterior direction. With this concept in mind, 
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anatomic dissection and laboratory experiments were performed in an attempt 
to devise a technique which would reduce the size of the mitral ring at the 
posteromedial commissure, which in turn would approximate the edges of the 
valve leaflets and obliterate this incompetent space. These experimental ob- 
servations are published elsewhere.°® 

Anatomie dissection of hearts of patients dying from mitral regurgitation 
showed that the valve leaflets could be made to approximate and the incompe- 
tence could be relieved by approximating the mitral ring at the posteromedial 
commissure. The techniques, as developed in the laboratory, had to be modi- 
fied clinically because of the increase in size of the left auricle. Clinically, 
the principle of treatment remains the same but the application of the tech- 
nique may vary, dependent upon the surgical findings presented. 





af 








Fig. 1.—Diagrammatic sketch of severing the more foreshortened chordae tendineae re- 
sponsible for maintaining the mitral valve in the open position by a right-angled neurectomy 
knife introduced through the left ventricle and guided by the intracardiac finger. 


The status of the mitral valve is determined by palpation with the intra- 
eardiae finger inserted through the auricular appendage. Any associated mi- 
tral stenosis is first relieved by commissurotomy. If the chordae tendineae are 
sufficiently contracted to immobilize the valve leaflets in the open position, the 
more significant ones are severed by means of a right-angled neurectomy knife 
inserted into the left ventricular chamber and guided by the intracardiae finger 
(Fig. 1). 

The dilated atrioventricular ring, which is responsible for the separation 
of the posteromedial commissure and the relative loss of occluding valve sur- 
faces, is next decreased in size. Several No. 1 silk sutures are introduced by 
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means of a large, curved, blunt needle into the left auricular chamber, at the 
junction of the aorta and auricles adjacent to the auricular septum. The 
needle is directed by the intracardiac finger to engage a segment of the mitral 
ring both anterior and posterior to the posteromedial commissure and to exit 
posteriorly beneath the coronary sinus in the area free of the cireumflex 
coronary artery. In patients in whom the left auricle is particularly enlarged, 
these sutures are placed by introducing the needle through the auricular ap- 
pendage opening, through the anterior segment of the annulus, and out at the 
junction of the aorta and auricles. The other end of the suture is then threaded 
and passed in a similar manner through the posterior segment of the annulus 
and out posteriorly. Two or three such sutures are so placed. Anteriorly the 
sutures are threaded over small sections of cartilage. The sutures are then 
drawn taut by the assistant, thereby approximating the annulus at the postero- 
medial commissure as determined by the intracardiac finger, and tied over seg- 
ments of pericardium (Fig. 2). 

In some patients the size of the heart and the position of the atrioventricu- 
lar ring in relation to the junction of the aorta and auricular septum is such 
that the distance between these two points is too great to allow the sutures to 
be properly placed and tied. In such instances the anterior suture is obtained 
in the space between the annulus and anterior auricular wall by means of a 
right-angled nerve hook. This is withdrawn through the appendage opening, 
rethreaded, and passed as before out posteriorly, where it is tied to the other 
end (Fig. 3). In other cases a deep suture is placed as deeply as possible into 
the anterior segment of the posteromedial commissure by means of the Bailey 
“mitral stitcher.”” Two additional sutures are then placed through the mitral 
ring posterior to the posteromedial commissure by means of a large blunt 
needle inserted either through the opening in the auricular appendage, or 
through the anterior wall of the auricle. These sutures exit posteriorly, as 
aforementioned. If the sutures are introduced through the anterior wall of 
the auricle, a nerve hook is then introduced along the finger in the auricular 
appendage, the suture engaged within the auricle, and the end brought out 
the appendage opening. One end of the first suture through the anterior lip 
of the commissure is tied to one end of the latter sutures, and the other end 
to the second. These are pulled out posteriorly so that, in effect, a continuous 
suture is then present through the anterior lip of the commissure, which exits 
about 1 em. apart through the posterior mitral ring, and through the atrio- 
ventricular junction below the coronary sinus and pericardium, over which 
they are tied (Fig. 4). 


CASE REPORTS 


Four patients have been operated upon successfully, employing the tech- 
nique described. There was one death following discharge from the hospital. 
A synopsis of the case histories follows: 


Case 1.—A. C., a 26-year-old white woman, was first diagnosed as having rheumatic 
heart disease eight years prior to admission, During this period of time she complained of 
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fainting spells, increasing ease of fatigue, dyspnea, and palpitation. Her activity tolerance 


was markedly limited so that she had to rest most of the time. She had been taking digitalis 


about two years. The significant physical findings were an enlarged heart with a precordial 
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Fig. 3.—Diagrammatic sketches of variation in technique of introducing suture through 
septal aspect of mitral annulus to decrease its size and in turn correct the mitral regurgi- 


tation. 


bulge. There was a blowing systolic murmur over the mitral valve. The lungs were clear 
and the liver was not enlarged, The heart rate was regular. The blood pressure was 88/66 
mm. Hg. The electrocardiogram showed an abnormal record, a digitalis effect, and left axis 
deviation. The roentgen examination of the chest showed the heart moderately enlarged to 
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the left, The transverse diameter measured 11.3 em., and the cardiothoracic ratio was 11.5 
em. to 27.4 em, Barium swallow showed moderate enlargement of the left auricle. The hilar 
vessels were enlarged but there was no significant pulmonary congestion. Cardiac catheteriza- 
tion studies showed a pressure of 35/2 mm. Hg in the right ventricle, The catheter could not 


be introduced into the pulmonary artery. 


anterior cusp 
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Fig. 4.—Diagrammatic sketches of another variation in technique for introducing suture depend- 
ent upon surgical findings present. 


Operation performed on May 28, 1954, revealed a high degree of mitral regurgitation 
without stenosis. The annulus was dilated and the posteromedial commissure separated. The 
valve leaflets were not severely deformed but were thickened from sear tissue, There was no 
significant retraction of the leaflets into the ventricular chamber. The incompetency resulted 
from the loss of valve substance in combination with the dilated mitral ring. The valve leaflets 
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failed to approximate in the posteromedial half of the valve, where they were separated by 
about 0.75 em, Two mattress sutures were introduced at the junction of the aorta and auricu- 
lar septum. These engaged segments of the annulus just anterior and posterior to the postero- 
lateral commissure and exited immediately behind and below the coronary sinus, These 
sutures were tied over small sections of cartilage by the assistant, This completely stopped all 
regurgitant flow. The patient’s postoperative course was uneventful and she was discharged on 
the twelfth postoperative day. Checkup examination three months postoperatively showed 
her markedly improved. The preoperative systolic murmur was no longer present. The blood 
pressure was 110/80 mm. Hg. 


CasE 2.—M. M., 2 40-year-old white woman, had had known rheumatic heart disease 
since age 9. She had been on digitalis therapy for four years prior to admission and had 
been fairly incapacitated from the disease for about two years, She had had several prior 
hospital admissions for treatment of heart failure. The physica] examination upon admission 
to the hospital revealed an enlarged heart with moist rales throughout the lower half of each 
lung field. The heart was fibrillating with an apical rate of 140 beats per minute and a pulse 
deficit of 40, A blowing systolic murmur was present over the mitral area, as well as a pre- 
systolic component. The liver was enlarged three finger-breadths below the costal margin and 
there was a 2-plus pitting edema of the legs. ‘The electrocardiogram revealed an abnormal 
record with evidence of auricular fibrillation, a digitalis effect, and left axis deviation, The 
roentgen examination of the chest showed cardiac enlargement, The transverse diameter of 
the heart measured 17.4 em, and the cardiothoracic ratio was 17.4 em:29.0 em, There was 
evidence of enlargement of the outflow tract of the right ventricle and marked enlargement 
of the left auricle. The hilar vessels were large and there was evidence of pulmonary con- 
gestion, After one month of medical management in the hospital, the peripheral edema dis- 
appeared and the heart rate became slower. The enlarged liver and basilar rales persisted. 
Cardiac catheterization studies showed a pressure of 47/20 mm. Hg in the pulmonary artery. 

Operation was performed on July 13, 1954, after what was felt to be maximum improve- 
ment, A marked degree of mitral regurgitation was present with only a minor degree of 
stenosis. The anterior leaflet at the posteromedial commissure was calcified. Both of the 
leaflets were rolled and fixed in the ventricular chamber by shortened chordae tendineae. There 
was no mobility of the valve cusps. There was widening of the posteromedial commissure and 
dilatation of the annulus. There was a large defect in the posteromedial half of the valve, 
through which the regurgitant blood spurted. Some flexibility was restored to the leaflets as 
well as reducing the degree of their retraction into the ventricular chamber by severing the 
more foreshortened chordae tendineae by means of a right-angled neurectomy knife inserted 
into the left ventricle and guided by the intracardiac finger. Two sutures were then intro- 
duced by means of a large blunt needle through the opening in the auricular appendage, 
through a segment of the posterior annulus adjacent to the posteromedial commissure, and 
out immediately posterior. The other ends of these sutures were then threaded and passed in 
a similar manner through the appendage, through the anterior segment of the annulus adja- 
cent to the commissure, and out at the junction of the aorta and auricular septum. The plac- 
ing of these sutures was directed by the intracardiac finger. These two sutures were then 
tied taut over sections of cartilage. This completely obliterated all evidence of regurgitation. 
This somewhat compromised the mitral opening but this was easily rectified by opening the 
obliterated anterolateral commissure. During the operative procedure there was a cardiac 
standstill, treated by cardiac massage and Adrenalin. At the termination of the procedure, 
before the pericardium was closed, ventricular fibrillation developed which did not respond to 
electric shock but was immediately corrected by the injection of 5 ¢.c. of potassium chloride 
and cardiac massage, The postoperative course was essentially uneventful. The patient was 
discharged on the fourteenth postoperative day. A murmur was still present as a result of 
the diseased valve but not similar to the regurgitant one noted preoperatively, The lungs 
were clear, 

Case 3.—K. R., a 25-year-old white man, was admitted by stretcher to the hospital, in 
obvious cardiorespiratory distress, He had had rheumatic fever at 8 years. He had noted 
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ease of fatigue and dyspnea upon moderate exertion throughout most of this period. He had 
been on digitalis therapy for one and one-half years. Four weeks prior to admission he be- 
came dizzy, complained of marked shortness of breath, and noted precordial pain, He was 
nauseated and he vomited. He was hospitalized elsewhere at that time and treated for acute 
eardiac failure. The significant physical findings were as follows: The blood pressure was 
110/70, pulse 92, and the respirations 28. There was evidence of a precordial bulge. The 
heart was enlarged to the left, and fibrillating. A loud, blowing systolic murmur could be 
heard over the mitral area, There was a less distinct presystolic murmur. There were moist 
rales in the bases, The liver was not palpable and there was no evidence of edema, The 
electrocardiogram showed an abnormal record, right axis deviation, and auricular fibrillation. 
The roentgen examination of the chest showed a tremendous cardiac enlargement of both 
ventricles and the left auricle. The cardiothoracic ratio was 20 em.:30 em. The hilar vessels 
were enlarged and there was increased vascularity of both lungs, The cardiac catheterization 
studies showed a pressure of 52/4 mm. Hg in the right ventricle and 15/8 mm. Hg in the 
right auricle. The pulmonary artery was not entered. The arterial blood was only 91 per 
cent oxygenated. 


Operation performed on Aug. 12, 1954, revealed a tremendously enlarged heart, pul- 
monary artery and veins, and left auricle, Tie mitral valve was both stenotic and had a very 
significant degree of regurgitation. The valve cusps were thickened, shortened, and calcified. 
The lateral commissure was opened without affecting the degree of regurgitation, The left 
auricle was so enlarged and the distance between the mitral ring and the anterior wall of the 
auricle at the septum was so great that sutures could not be suitably placed to approximate 
the two points. A modification of the technique was then employed by placing a suture deep 
into the anterior margin of the posteromedial commissure. Two additional sutures were then 
placed through the mitral ring posterior to the posteromedial commissure by introducing the 
suture on a large, curved, blunt needle through the auricular appendage and out posteriorly, 
directly behind this commissure. The two ends of the initial suture through the anterior mar- 
gin of the commissure were then tied to the ends of the two latter sutures and pulled through 
as demonstrated in Fig. 3. The suture was then drawn taut by the assistant and tied over 
the pericardium. This completely obliterated all evidence of regurgitation, The lateral com- 
missure was further opened before closure. The postoperative course was complicated by a 
urinary infection, but was otherwise uneventful. A murmur, as a result of the diseased valve, 
was present but unlike the one preoperatively. The lungs were clear, upon discharge on the 
thirteenth postoperative day. Checkup examination two months postoperatively revealed him 
to be markedly improved. 


CASE 4.—H. G., a 37-year-old white man, had had rheumatic fever in 1931. For the 
three years previous to the present admission he had noted increasing shortness of breath, 
especially after minimal activity, He had been on digitalis therapy for one year. The blood 
pressure was 110/70, the pulse 100 beats per minute, and irregular. The heart was enlarged 
and fibrillating. There was a blowing systolic murmur, with a presystolic component heard 
over the mitral area. There were wheezes and rhonchi throughout both lung fields, as well as 
moist rales. The liver was not enlarged and there was no edema. The electrocardiogram showed 
an abnormal record. There was evidence of auricular fibrillation and right axis deviation. 
The roentgen examination of the chest showed enlargement of the heart. The cardiothoracic 
ratio was 18 cm.:30.8 em. The left auricle was enlarged. The pressure in the right ventricle 
was 36/0 mm. Hg, and 11/1 mm. Hg in the auricle. The arterial blood was 92 per cent 
saturated, 


Operation performed on Aug. 13, 1954, revealed findings identical to those noted in 
Case 3. The surgical repair of the regurgitation was also performed in a manner similar to 
that of Case 3. The patient’s postoperative course was somewhat more stormy, being compli- 
cated by the bronchial asthma, tachycardia, and evidence of congestive failure for the first 
week, The presystolic murmur was no longer present. The signs of failure had subsided by 
the twelfth postoperative day and he was discharged on the fifteenth postoperative day. The 
following day at home, while getting out of bed, the patient became suddenly dyspneice and 
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expired on the way to the hospital. A pulmonary embolus was suspected as being the cause 
of death, but this was not confirmed by post-mortem studies. Examination of the heart 
showed that the regugitation had been effectively closed. 


SUMMARY 


The surgical pathologic findings present in patients with mitral regurgita- 
tion are discussed. The dilated atrioventricular ring secondary to cardiac 
hypertrophy and dilation in the attempt to compensate for the mitral regurgi- 
tation and to increase or maintain adequate cardiac output is felt to be one of 
the more significant considerations in the surgical approach to this problem. 
A new surgical technique for the treatment of mitral regurgitation based on 
the principle of reducing the size of the mitral annulus is presented. 


Pericardium 


Pertcardium ; Pee 
43 


Fig. 5.—Diagrammatic sketch of the technique in which a pericardial strip is substituted 
for the silk suture to approximate the anterior and posterior lips of the dilated mitral annulus 
at the posteromedial commissure in the treatment of mitral regurgitation (see text). 


ADDENDA 


Subsequent clinical application of the previously described technical principle for 
reducing the size of the dilated mitral annulus at the posteromedial commissure has re- 
vealed that it is difficult or impossible in some cases to approximate the anterior and 
posterior segments of the annulus at this site without leaving the suture suspended through 
the atrial chamber because of the intervening scar or calcium, or that the distance be- 
tween these two points is too great because of the enlarged left auricle. In such cases 
it has been found that the regurgitant jet can be eliminated by substituting a pericardial 
fascial strip placed in a similar manner (Fig. 5). This pericardial fascial strip is left 
attached to the anterior pericardium, brought through a separate opening in the anterior 
pericardium, through the anterior and posterior lips of the annulus, and out posteriorly 
through both the myocardium and pericardium. The assistant pushes the posterior wall 
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of the auricle upward and increases the tautness of the pericardial strip to the degree 
necessary to prevent the regurgitant jet of blood. When this is accomplished the peri- 
cardial strip is sutured to the posterior pericardium. 


REFERENCES 


. Templeton, J. R., III, and Gibbon, J. H., Jr.: Experimental Reconstruction of Cardiac 
Valves by Venous and Pericardial Grafts, Ann, Surg, 129: 161, 1949. 

2. Bailey, C. P., Jamieson, W. L., Nichols, H. T., and Bakst, A.: The Surgical Correction of 
Mitral Insufficiency by Valvular Suturing, J. Thoracic Surg. To be published. 

3. Harkins, D. 8., Black, H., Ellis, L. B., and Dexter, L.: The Surgical Correction of Mitral 


Insufficiency, J. Thoracic Surg. 28: 604, 1954. 

4. Carter, M. G., Gould, J. M., and Mann, B, F.: Surgical Treatment of Mitral Insufficieney, 
J. Thoracic Surg, 26: 574, 1953. 

. Davila, J. C., Mattson, W. W., Jr., O’Neill, T. J. E., and Glover, R. P.: A Method for Sur- 
gical Correction of Mitral Insufficiency, Surg., Gynec. & Obst. 98: 407, 1954. 

3. Kay, E. B., and Cross, F. S.: Surgical Treatment of Mitral Insufficiency: Experimental 
Observations, J. Thoracie Surg. (To be published.) 





THE EFFECT OF HYPOTHERMIA ON SURVIVAL RATES 
FOLLOWING CORONARY OCCLUSION IN DOGS 


Morris W. SELMAN, M.D.,* AND BERNARD L. BROFMAN, M.D., 
CLEVELAND, OHIO 


(From the Division of Surgery and the Katz-Sanders Experimental Laboratory, 
Mount Sinai Hospital) 


ESPITE the tremendous advances in our understanding of the various 

aspects of coronary artery disease, there has been remarkably little 
progress in our treatment of the patient with acute coronary occlusion. In 
the patient with chronic coronary disease, the effectiveness of surgery in pro- 
tecting the myocardium appears to be established by experimental and clinical 
studies.1 However, attempts to reduce mortality and extent of myocardial 
damage by specific therapy in acute occlusion have been disappointing. The 
early enthusiasm for anticoagulant therapy has been somewhat tempered by 
careful statistical studies. There appears to be serious doubt as to whether 
treatment of the acute occlusion with anticoagulants is justified in most cases. 

The primary principle in the treatment of the patient with acute myo- 
cardial infarction resulting from coronary occlusion is reduction of the work 
of the heart during the healing process, as well as alleviation of pain and dis- 
comfort, and treatment of shock, congestive failure, and arrythmias. Various 
degrees of restriction, from strict bed rest to moderate activity, are employed 
along with sedation to reduce the work of the body and of the heart. Any 
activity which increases oxidative metabolism is avoided. The ultimate aim 
is to reduce to a bare minimum the oxygen consumption of the organism and, 
specifically, of the heart. 

Many years ago, Fay’ directed attention to the possible therapeutic ap- 
plications of hypothermia. In recent years, controlled hypothermia has been 
applied safely to human beings undergoing cardiae surgery.** It has been 
shown that hypothermia is associated with a profound decrease in oxygen 
consumption.® Oxygen consumption falls steadily with decreasing body tem- 
perature, and the absence of increased oxygen demand during the rewarming 
period indicates that no tissue hypoxia occurs during hypothermia.® 

Since the prime objective in the treatment of acute coronary occlusion is 
the reduction of oxygen consumption without production of tissue hypoxia, it 
was thought that hypothermia might have important therapeutic implications. 
It is the purpose of this paper to present our first approach to this problem: 
the comparison of survival rates following acute coronary artery occlusion in 
hypothermic and in normothermic (control) dogs. 

Supported in part by a grant-in-aid from the Cleveland Area Heart Society. 
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METHOD 


Two series of dogs were run concomitantly : a control (normothermic) and 
a hypothermic series. The technique applied to each group was exactly the 
same except for the omission of hypothermia in the control group. Ten dogs 
were operated on in each group, the dogs being selected to give an equal dis- 
tribution of weight in the two groups. 

Adult mongrel dogs weighing from 6 to 23.5 kilograms were used. The 
animals were anesthetized with intravenous Nembutal sodium, 27 mg. per 
kilogram of body weight. Then the left chest was shaved. The dogs in the 
hypothermic series were placed in a large metal tub and completely surrounded 
by chipped ice. Intermittent positive pressure respiration was maintained 
with oxygen via an endotracheal tube connected to a Pneophore Respirator. 
Continuous and simultaneous temperature readings from the rectum, skin, 
subcutaneous tissue, and muscle were recorded on a multichannel Brown Po- 
tentiometer. When the rectal temperature fell to 29° C. the dogs were re- 
moved from the tub of ice and placed on the operating table. The length of 
time required to cool the dogs to 29° C. varied from forty-five to ninety min- 
utes. 

After the dogs were removed from the ice bath, the temperature continued 
to fall another three to five degrees and usually stabilized at 25° C. to 27° C. 
throughout the operative procedure. 


TABLE I. RESULTS FOLLOWING LIGATION OF ANTERIOR DESCENDING RAMUS OF LEFT 
COMMON CORONARY ARTERY 








NORMOTHERMIC 


WEIGHT 
( KG.) SURVIVAL TIME 
13 Living 
13 15 min. 
10.5 5 min. 
13 Living 
12 Living 
14 15 min. 
9 14 days 
10 Living 17 min. 
12 15 min. 14 5 min. 
10 13 7 hr. 10 11 min. 


Mean 12 Mean 13 15.6 min. 


HYPOTHERMIC 


WEIGHT 
( KG.) SURVIVAL TIME 

12 min. 
11 > min. 

6 30 min. 
16 5 min. 
14 5 min. 
17 min. 
13 min. 
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Under aseptic conditions the left chest was opened through the sixth 
intercostal space. The pericardium was opened by a long incision anterior 
to the left phrenic nerve. The anterior descending branch of the left common 
coronary was used as the test artery.” By blunt and sharp dissection at the 
root of the aorta the left common coronary artery and its two main branches, 
the anterior descending ramus and the circumflex artery, were exposed. Two 
silk ligatures were placed around the anterior descending ramus at its origin 
from the common coronary.’ After maximum lung inflation was obtained, the 
ligatures were tied around the test artery. Within a few seconds the myo- 
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eardium supplied by the descending ramus became cyanotic. The pericardium 
was closed loosely to prevent herniation of the heart. The chest was closed in 
layers. Continuous observations were then made with electrocardiographic 
control. 

RESULTS 


The results of ligation of the test artery in the ten normothermie and in 
the ten hypothermic dogs are shown in Table I. 

Controls—In the ten control dogs, ligation of the test artery was followed 
by ventricular fibrillation and death in fifteen minutes or less in four instances. 
One dog survived several hours. Thus, the mortality was 50 per cent. This 
mortality figure is somewhat less than that previously reported in studies 
using the same test artery.’ 
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Fig. 1.—Serial electrocardiograms in test artery Py ee in hypothermic dog. Unipolar 
limb fonds are shown. A, Control record at 29° C. Chest open, just prior to ligation of 
test artery. C, Fourteen minutes after ligation of vant artery. D, Lead R fifteen minutes 
after ligation of artery. 


Hypothermic Dogs.—In the ten hypothermic dogs, ligation of the test 
artery was followed by ventricular fibrillation and death in each ease, giving 
a mortality of 100 per cent. The survival times ranged from 5 to 75 minutes 
with a mean of 15.6 minutes, only two dogs surviving beyond 15 minutes. Fig. 
1 shows the development of characteristic electrocardiogram changes follow- 
ing test artery ligation. 

Thus, under the conditions of this study, test artery ligation in the hypo- 
thermic dog produces 100 per cent mortality as compared to a 50 per cent 
mortality in controls. 

In no ease did ventricular fibrillation develop before the artery was ligated 
or during the period of surgical manipulation of the heart. The occurrence 
of ventricular fibrillation following artery ligation in the hypothermic dog 
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must be considered to be due to the coronary ligation. In a preliminary series 
of experiments in hypothermia at these temperature levels, spontaneous ven- 
tricular fibrillation did not oceur. 

Post-mortem examinations were performed on dogs dying following test 
artery ligation. Survivors were sacrificed and autopsied approximately one 
month after the experiment. These studies showed the ligatures to be properly 
placed at the origin of the anterior descending ramus of the left common 
coronary. In the survival dogs, myocardial infarction was demonstrated in 
the area supplied by the occluded test artery. 


DISCUSSION 

It has been shown that the competence of myocardial function is not im- 
paired by hypothermia.* During similar levels of hypothermia to those pro- 
duced in our studies, there is a definite reduction in oxygen consumption of 
the heart muscle. Although coronary blood flow decreases, the coronary 
arteriovenous difference is not altered, indicating that hypothermia does not 
result in myocardial anoxia.’° 11 At this level of hypothermia, cardiac output 
and total oxygen consumption fall to approximately one-third of normal, 
whereas the oxygen consumption of the heart falls to one-half of normal so 
that the heart is responsible for a higher percentage of the total oxygen con- 
sumption.°® 

Despite the reduced requirements of the heart during hypothermia, liga- 


tion of the test artery was invariably followed by ventricular fibrillation and 
death. The mortality rate (100 per cent) is significantly higher than that in 
the control series. No effort was made in this early study to influence the re- 
sults by the use of various drugs, nor was an attempt made to defibrillate the 
heart by electrical defibrillation. 


Within the limits of this study, hypothermia, rather than providing pro- 
tection (or benefit), was actually harmful. It would appear that this method 
in reducing metabolism of the heart at the same time introduces certain dele- 
terious factors which predispose to ventricular fibrillation. 

Possibly, beneficial effects of hypothermia might become manifest if the 
animal could be carried over the period of predisposition to ventricular fibril- 
lation.!* The demonstration of a fall in serum potassium levels in hypothermia 
and the ability to defibrillate the heart with the aid of potassium® suggest the 
possible use of this and other agents in attempting to prevent ventricular 
fibrillation in the hypothermic dogs following coronary ligation. 


SUMMARY 


The primary aim of treatment of acute coronary occlusion with myocardial 
infarction is to reduce heart (and body) work and oxygen consumption. Con- 
trolled hypothermia achieves these aims. However, when normothermic dogs 
and hypothermie dogs were subjected to ligation of a test coronary artery, 
the mortality rate in the hypothermic dogs (100 per cent) was significantly 
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higher than that in the control dogs (50 per cent). Under the conditions of 
this study, hypothermia appears to produce a deleterious effect in dogs with 
acute coronary artery occlusion. 


Acknowledgment.—We wish to express our appreciation to Dr. Claude Beck for his advice 
during the conduct of these experiments; and to Miss Kay Fowler for her technical assistance. 
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SAFE DIRECT CARDIAC-STIMULATING ELECTRODES 
JEAN B. RosenBAuMm, M.D., Detroit, Micu. 
(From the Wayne University College of Medicine and Detroit Memorial Hospital) 


ANY of the difficulties encountered in the use of electrical defibrillators 
are not so much in the generating apparatus itself, but the electrodes em- 
ployed. The drawbacks and dangers encountered with standard defibrillator 
electrodes are chiefly three in number: (1) The imminent danger of ‘‘shorting 
out’’ the electrodes by contact of one with the other, with consequent spark- 
ing. The chief complication of shorts is not the burning of a fuse or part of the 
circuit making the defibrillator inoperable, but the possibility of intrathoracic 
explosion of ignitable anesthetic agents. (2) Danger of electric shock or burn- 
ing of the operator himself by mishap of the electrodes slipping about and both 
coming in contact with some member of his body. (3) The necessity of employ- 
ing both hands to control placement of the standard “stick” type of electrodes. 
This is probably a minor point, but it is often quite distressing to have both 
hands out of commission during such a surgical emergency. 


Fig. 1.—A, Electrode plate, 1-inch diameter brass; B, insulated wire holder, 12 gauge copper; 
C, insulated plastic plug. 


It is the purpose of this paper to describe a new defibrillator electrode 
design, which eliminates these difficulties and dangers. By process of elimina- 
tion, a horseshoe type of electrode was found to be efficacious (Fig. 1). The 
electrode plates are attached to heavy insulated wires by a universal-type 
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joint, allowing the plates to adapt to whatever heart contour they are applied, 
regardless of angle of application. The wire arms of the horseshoe are flexible 
allowing for rapid adjustments to varying diameters of hearts. 

As is apparent from the horseshoe arrangement, the danger of shorting 
is eliminated. Accidental shock to the operator is also avoided, since the 
electrodes are fixed in relation to each other. Since the entire electrode 
system is a single unit, the necessity of employing both hands to hold the 
electrodes is eliminated. 


Fig. 2.—Explanation in text. 


The electrodes, depending on the discretion of the operator, may be 


applied in a side-to-side fashion to the lateral and medial borders of the heart 
(Fig. 2, A), or across the anterior to posterior surfaces (Fig. 2, B). 

This simple, safe horseshoe system of electrodes has been extensively 
tested on laboratory animals and is equally suitable for either standard, high- 
voltage defibrillators‘ or the more recent low-voltage pacemaker and de- 
fibrillator.* * 


My sincere thanks to Dr. Gordon Scott, Dr. Ernest Gardner, and Mr. Gracent Eidt for 
funds and cooperation in this project. 
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ANASTOMOSES AND GRAFTS IN THE VENOUS SYSTEM WITH 
SPECIAL REFERENCE TO GROWTH CHANGES 
LESTER R. SaAuvaGE,* Captain, MC, USAR, anp S1igmMuND A. WESOLOWSKI,** 
Captain, MC, USAR, Wasurnerton, D. C. 
(From the Division of Surgery, Army Medical Service Graduate School, 
Walter Reed Army Medical Center) 
M*** questions regarding the reconstructive surgery of the venous system 
remain to be answered if progress is to continue in this field. This paper 
attempts to answer a few of these questions. 


EXPERIMENTAL METHODS AND RESULTS 


Fourteen grafts in the thoracic inferior vena cava of the growing pig 
comprise the material of this report. These grafts, averaging 2 em. in length, 
were implanted in a sterile manner and then measured. A few days after 
operation the pigs were transported to a farm, where they were kept until 
they either died spontaneously or were slaughtered. The grafts were then 
removed, examined, measured, roentgenographed, photographed, and_ sec- 
tioned for microscopic study. The data obtained will be considered under the 
following five headings: 


A. Fate of Fresh Venous Autografs in the Thoracic Inferior Vena Cava 
of the Growing Pig—A segment of the thoracic inferior vena cava of eight 
young pigs was freed, resected, replaced, and its continuity with the parent 
vein re-established by the variety of anastomotic techniques described in See- 
tion B. All pigs in this group came to slaughter with patent grafts an aver- 
age of 209 days after operation with a weight gain averaging 636 per cent 
(39 to 287 pounds). Apart from restriction of anastomotic growth in some in- 
stances (see Section B), these grafts resembled their parent veins in all ob- 
vious respects both grossly and microscopically. The parent veins and grafts 
each increased in length and diameter approximately 100 per cent. The gross 
and microscopic features of a representative graft are shown in Figs. 1 and 2. 

B. Influence of Suture Method and Suture Type Upon the Growth of Anas- 
tomoses in the Thoracic Inferior Vena Cava of the Growing Pig—The anas- 
tomoses (16) of the venous autografts (8) were performed using Size 00000 
suture by the following techniques: catgut—continuous everting mattress (1), 
continuous end-on ecoaptation (3) ; si/k—econtinuous everting mattress (2), con- 
tinuous everting mattress for posterior row and interrupted end-on coaptation 
stitches for anterior row (1), continuous end-on coaptation (9). None of the 
four catgut anastomoses had restriction of growth (Fig. 3); both of the con- 
tinuous everting mattress silk anastomoses had severe restriction (Fig. 4) ; 
the one anastomosis performed with interrupted stitches had no restriction; 
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and seven of the nine continuous end-on coaptation silk anastomoses had slight 
to moderate restriction. Of these latter two anastomoses that had no restriec- 
tion, the continuous suture of one was considerably in excess of the cireum- 
ference of the vein at operation due to the placement of the stitehes far back 
from the vessel’s edge, while the continuous suture of the other had broken 
(Fig. 5). 


| i CE Ee Ree 


Upper 


Fig. 1.—Fresh venous autograft in thoracic inferior vena cava of growing pig for 247 
days. Both anastomoses had been performed with Size 00000 chromic catgut placed as a con- 
tinuous end-on coaptation stitch. The upper panel shows photograph of graft inflated with 
air to 40 mm. Hg, while the lower panel shows photograph of opened graft. Note that the 
item anne have been absorbed, and that the autograft and parent vein appear to be 
identical. 


C. Fate of Fresh Venous Homografts in the Thoracic Inferior Vena Cava 
of the Growing Pig.—Of two grafts implanted, one is deleted from further con- 
sideration as the pig died at 21 days of pneumonia, while the other is con- 
sidered for the pig came to slaughter in good condition after 200 days with a 
weight gain of 626 per cent (36 to 261 pounds). The open view of this graft 
is shown in Fig. 6. Its inner surface was smooth and glistening, its wall free 
from calcification, and, although its caliber increase was limited (20 per cent), 
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the obstruction to the flow of blood was not severe as judged by the absence of 
signs of hepatic congestion. We stress that this good result in the only venous 
homograft available for study has little statistical significance and wish to 
emphasize that it is reported to stimulate further study rather than to en- 
courage the clinical use of such grafts. 
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Fig. 2.—Photomicrograph at X125 (reduced 4%) of Weigert’s elastic tissue stain of 
longitudinal celloidin section of the fresh venous autograft shown in Fig. 1. The histologic 
appearance of this autograft is identical with that of the normal porcine thoracic inferior 
vena cava. 





Fig. 3.—Roentgenographs of the fresh venous autograft shown in Figs. 1 and 2. Upper 
panel shows graft inflated with Diodrast, while lower panel shows graft inflated with air to 
40 mm. Hg. Note that there is no calcification, anastomotic restriction, or sign of residual 
suture material. 


D. Fate of Aortic Homografts in the Thoracic Inferior Vena Cava of the 
Growing Pig—Two grafts were implanted and both are suitable for considera- 
tion: one, a fresh and the other, a frozen-dried aortic homograft. The pig 


<2 





eT FE REY IIT A Re 





Wwe 


a. ae 








ehiesude 





eee * ANASTOMOSES AND GRAFTS IN VENOUS SYSTEM tha 
with the fresh graft died spontaneously after 62 days and at autopsy had a 
tremendously enlarged, severely congested liver and ascites. The graft had a 
greatly reduced lumen due to longitudinal wrinkling and contracture of its 
wall. Histologically, the wall was largely acellular and consisted of the per- 
sistent fiber framework of the original graft. 





Fig. 4.—Roentgenograph of a fresh venous autograft inflated with Diodrast after 192 
days in thoracic inferior vena cava of growing pig. The upper end is to the right. Both 
anastomoses were performed with continuous everting mattress stitches, the lower, of Size 
00000 catgut and the upper, of Size 00000 silk. Note that the lack of growth restriction 
at the catgut anastomosis contrasts with the severe restriction at the silk anastomosis. The 
extent of the internal septum at the upper anastomosis is outlined with ink for sake of clarity. 
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Fig. 5.—Roentgenographs of a fresh venous autograft after 255 days in thoracic inferior 





vena cava of growing pig. Upper panel shows graft inflated to 40 mm. Hg with air while 
the lower panel shows graft inflated with Diodrast. The upper end of the graft is to the 
right. Both anastomoses were performed with continuous end-on coaptation stitches of 
Size 00000 silk. The lower suture has remained intact, while the upper has not. Note that 


growth restriction is present only at the lower anastomosis. 


The pig with the frozen-dried graft came to slaughter in good condition 
after 244 days with a weight gain of 825 per cent (30 to 277 pounds). The 
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Fig. 6.—Photograph of opened fresh venous homograft in thoracic inferior vena cava of 
growing pig for 200 days. 


Upper 


Fig. 7.—Photograph of opened 100-day-old frozen-dried aortic homograft after 244 days in 
thoracic inferior vena cava of growing pig. Note its contracted form and calcific nature. 
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Number 


open view of this graft is shown in Fig. 7. Its wall was calcified, contracted, 
and fragile. The lumen, although small, was patent. The liver was fibrous, 
congested, and moderately enlarged, but ascites was not present. 

E. Fate of Orlon Tubes in the Thoracic Inferior Vena Cava of the Growing 
Pig—Two tubes, prepared from heavy type Orlon cloth by turning the 
selvedge in, were implanted using a continuous whip stitch of 00000 silk. 
Both pigs died spontaneously with pneumonia; enlarged, congested, fibrous 
livers; and ascites; one, at 60 days with a contracted graft and the other, at 
116 days with an obliterated graft. Both grafts had shortened considerably 
due to marked wrinkling. 


DISCUSSION 


There is a close similarity between the fate of anastomoses in and fresh 
autografts of the arterial and venous systems of the growing pig. In each 
system there is normal anastomotice growth in the absence of suture restriction, 
and autografts resemble their parent vessel in all obvious respects both grossly 
and microscopically. The influence of suture type and suture method upon 
the growth of venous anastomoses is analogous to that deseribed by Sauvage 
and Harkins* (1952) for the growth of arterial anastomoses. In brief, catgut 
imposes no restriction regardless of the suture method, while silk may restrict 
growth if a continuous stitch be employed, especially of the everting mattress 
type. A venous anastomosis performed with a continuous end-on coaptation 
stitch requires less suture length than a comparable sized arterial anastomosis 
because of difference in wall thickness and consistency. Accordingly, there 
is less suture length available to allow for subsequent growth of a venous 
anastomosis performed by this method than of a comparable arterial anas- 
tomosis. 

The fate of the two aortic homografts indicates that the dilative action 
of the venous pressure is insufficient to prevent contracture of such grafts. 
The fate of the two Orlon tubes suggests that these grafts are unsuited for use 
in the venous system for the same reason. 


SUMMARY 


From studies of anastomoses and grafts in the thoracic inferior vena 
cava of the growing pig, it appears that (1) venous anastomoses grow nor- 
mally in the absence of suture restriction, (2) fresh venous autografts main- 
tain the characteristics of normal veins, and (3) aortic homografts and Orlon 
tubes of the types studied are not suitable for use in veins. 


*Sauvage, L. R., and Harkins, H. N.: Growth of Vascular Anastomoses: An Experi- 
mental Study of the Influence of Suture Type and Suture Method With a Note on Certain 
Mechanical Factors Involved, Bull. Johns Hopkins Hosp. 91: 276-297, 1952. 








SIMPLE MASTECTOMY FOR CARCINOMA OF THE BREAST— 
REPORTED RESULTS 
W. Rateu Deaton, Jr., M.D., GREENSBORO, N. C. 


HE treatment of carcinoma of the breast continues to be a controversial 

issue. Recently, Professor R. MeWhirter,?*-?° of Edinburgh, added to the 
controversy by reporting that simple mastectomy and roentgenotherapy had 
produced better results, in his hands, than had radical mastectomy. Many 
surgeons’ * ®% 11; 12, 25, 32, 37, 40, 41 have been extremely reluctant to accept the 
implications of MeWhirter’s reports. This reluctance, it is believed, exists 
mainly for two reasons: (1) The impact of Halsted on the surgical profession 
has been so immense, and almost completely beneficial, that anything contrary 
to the Halstedian concepts of cancer surgery has been difficult to accept, and 
(2) the modern trend in the treatment of malignancies is toward more ex- 
tensive resections, as evidenced in breast carcinoma therapy by Wangen- 
steen’s*® clavicle-dividing supraclavicular node resection (actually inaugu- 
rated and rejected by Halsted'*), Handley’s’ internal mammary node re- 
section, Urban’s** chest wall resection (also tried and rejected by Halsted’), 
and Prudente’s*! intersecapulothoracic-mammary amputation. Ramsdell,** how- 
ever, after a visit to Edinburgh, where he was “impressed with the high 
quality of surgery there practiced, with the sincerity of the group and with 
the traditions of that old medical center,’’ conceded that, ‘‘If the Edinburgh 
statistics can be substantiated the whole concept of our thinking on this sub- 
ject of (breast) cancer must be modified.’’ As a method of evaluation of the 
Edinburgh statistics, the results of simple mastectomy and roentgenotherapy 
in the hands of others have been investigated. For this statistical evaluation, 
all patients dead at the end of five years are counted as dead, regardless of 
-ause, and all alive are counted as alive, whether metastases are present or 
not. With this method of accounting for patients, the term ‘‘survival rate’’ 
is more appropriate than ‘‘cure rate,’’ and so will be used. 

Orr,”® in analyzing a series of 315 traced cases of carcinoma of the breast 
treated surgically, found that 8 of 12 patients (61.5 per cent) who had had 
the type of treatment recommended by MeWhirter lived longer than five 
years, while 50 of 77 (64.9 per cent) treated by radical mastectomy lived longer 
than five years. However, Orr delineated a subradical mastectomy group, in 
which the pectoralis major muscle was left intact. This is an incomplete radi- 
cal mastectomy,” * °*7 and therefore falls within the classification of simple 
mastectomy. In this subradical group 34 of 40 (85 per cent) lived longer than 
five years. Orr believes that case selection (‘‘minimal lesions after a biopsy 
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had been studied’’) accounted for the excellent results with the subradieal 
operation, but admitted that for the simple mastectomies, performed because 
of minimal lesions, old age, or uleerating lesions, ‘‘the results were far better 
than our expectations. ’’ 

Saugmann-Jensen and Jacoby,*® of Denmark, analyzed their series of 489 
eases of carcinoma of the breast, and found 41 patients who had been treated 
with simple mastectomy and roentgenotherapy. No systematic selection of 
patients for this procedure was followed, but about 50 per cent were over 60 
years of age. The size of the primary tumor varied from ‘‘small’’ to that of 
an ‘‘orange’’; 7 patients had palpable axillary nodules. Of the 41, 27, or 
66 per cent, were alive more than five years. 

Fitzwilliams,'’® of England, advocated simple excision of the tumor mass 
and surrounding breast tissue in selected cases of carcinoma of the breast. 
(He stated that only ‘‘early’’ cases are so treated, but indicated in his report 
that some patients had diagnostic evidence of malignancy, such as attachment 
of the tumor to the skin, and/or palpable axillary nodes.) He reported 93 
patients, of whom 76 had been operated on at least five years before. Of this 
76, 52 were known to have lived at least five years, for a five-year survival 
rate of 68.4 per cent. (Another Englishman, Keynes,'* has for many years 
used radium needles alone to treat cancer of the breast, except that large 
bulky tumors are treated by simple mastectomy prior to irradiation. ) 

Mustakallio?’ reported 23 Stage I eases treated by simple mastectomy and 
irradiation. These cases had been treated from one to five years; only 1 re- 
currence had appeared, and x-ray controlled it. Six of the 23 patients had 
been treated more than five years; 5 were still alive. 

Nohrmann’** reported 1,042 cases of carcinoma of the breast. Of these, 
43 had been treated by either simple mastectomy or local incision and roent- 
genotherapy, with a 58.1 per cent five-year survival rate. These cases were 
selected as follows: 30 were early cases in which the diagnosis of cancer was 
not made until after operation, 9 patients were over 78, 2 had eardiae insuf- 
ficiency, and 2 had ulcerating lesions removed for palliation only. Nohrmann 
reported other surgeons’ experiences with simple mastectomy and irradiation 
as follows: Wintz, 97 cases, with a 51.5 per cent five-year survival rate, and 


TABLE I, REPORTED FIVE-YEAR SURVIVAL RATES FOLLOWING SIMPLE MASTECTOMY TREATMENT 
OF CANCER OF THE BREAST 








NO. OF 5-YEAR PER CENT OF 
INVESTIGATOR NO. OF PATIENTS SURVIVORS 5-YEAR SURVIVORS 
Orr29 53 42 79.2 
Saugmann-Jensen35 41 27 66.0 
Fitzwilliams10 76 52 68.4 
Mustakallio27 6 5 83.3 
Nohrmann28 43 25 58.1 
Wintz28 97 52 51.5 
Maisin28 216 116 53.6 
Deatons 30 19 63.3 
Hartmani6 117 72 61.5 
Schoregge36 129 72 55.9 
Total 808 482 59.8 
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Maisin, 216 eases, with a 53.6 per cent five-year survival rate. Both surgeon 
used this method of treatment as the one of choice in ‘‘operable’’ (Stage 
or IT) lesions. 

Hartman’ analyzed 117 personal cases of cancer of the breast treate: 
by simple mastectomy; 72 lived at least five years, giving a survival rate o 
61.5 per cent. Of the 117 cases, 106 were in Stage I and 11 were in Stage II 

Schoregge,*® in a tabulation of 210 cases treated by simple mastectomy 
found that of 129 patients eligible for five-year studies 72, or 55.9 per cent 
lived for at least five years. 

In a survey of cases of carcinoma of the breast seen at the North Carolin: 
Baptist Hospital, 30 cases treated by simple mastectomy and roentgenotherap) 
were noted. Of the 30, 19 lived longer than five years, for a survival rate of 
63.3 per cent. Of 21 eases clinically classified as Stage I or II, 18 (87.5 per 
cent) lived longer than five years. Simple mastectomy had been performed 
in each ease for one of the following reasons: (1) considered adequate ther- 
apy—18 patients; (2) palliative measure only—11 patients; or (35) refused 
‘adical operation—1l patient. 

A compilation of the results cited here is presented in Table I. Some of 
the current reported five-year survival rates for theoretically curable (Stage 
[ or I1) carcinoma of the breast treated by radical mastectomy are shown and 
summarized in Table IT. 


TABLE II. REPORTED RESULTS FOR CARCINOMA OF THE BREAST TREATED BY RADICAL 
MASTECTOMY—FIVE-YEAR SURVIVAL RATES FOR PATIENTS WITH DISEASE LIMITED 
TO BREAST OR BREAST AND AXILLA 





NO. OF 5-YEAR | PER CENT OF 
INVESTIGATOR NO. OF PATIENTS SURVIVORS | 5-YEAR SURVIVORS 
Bloom4 466 224 48.0 
Cliffton7 322 177 54.9 
Engelstad® 768 481 62.6 

Bells 374 187 50.0 
Richards34 738 363 49.2 
Haagensen!2 287 180 62. 


7 
Total 2,955 ' 1,612 54.5 














DISCUSSION 
Radical mastectomy is physiologically, psychologically,** and cosmetically 
mutilating. It has a low mortality, but fair morbidity, and may leave the 
patient with a useless arm. Postoperative chest pain is not uncommon. Less 
than 50 per cent of all patients with carcinoma of the breast are alive five 
years after the diagnosis is made. Undoubtedly there is room for improve- 
ment in the treatment of carcinoma of the breast. 


No one will deny that simple mastectomy-—irradiation therapy would be a 
more desirable method of treating carcinoma of the breast if the results at 
least equaled those obtained with radical mastectomy. McWhirter has re 
ported that he had a better survival rate with the simple mastectomy-—irradia 
tion technique than with radical] mastectomy. In an effort to evaluate Me- 
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Whirter’s results, which have not been accepted by some surgeons, reports by 
other investigators on the treatment of breast carcinoma by simple mastectomy 
and irradiation were tabulated. The average five-year survival rate for 808 
eases was 59.6 per cent. The average five-year survival rate following radical 
mastectomy, as reported by several authors, for 2,955 cases, was 54.5 per cent. 
The difference (5.1 per cent) in the two survival rates is significant statisti- 
cally, as it amounts to over twice the value of the standard error of the dif- 
ference (2.2). 

It is realized that case selection may weigh these statistics. However, 
all cases treated by radical mastectomy were theoretically curable (Stage I 
or II), many treated by simple mastectomy were not. Other factors, such as 
pathologie type of cancer, grade of malignancy, duration of disease at time 
of treatment, and age of patient at time of treatment, may influence the results 
to favor one side or the other, but the reports cited are generally not in suf- 
ficient detail to permit adequate detailed comparative studies. 

MeWhirter’s explanation for the apparent success of simple mastectomy 
and irradiation is based on three factors: (1) If the disease is confined to 
the breast, simple mastectomy will provide a cure. (2) If the regional nodes 
are involved, surgery often fails to produce a cure. Since irradiation is ac- 
knowledged to be beneficial in recurrences and metastases, its use primarily 
should likewise afford sterilization,!® or at least inactivation, of the tumor 
eells. (3) If the malignant cells have spread beyond the regional nodes, no 
method of therapy succeeds. 

While this seemingly logical explanation of the success of simple mas- 
teetcmy—irradiation technique in the treatment of cancer of the breast may 
represent the fundamental principles, yet another explanation has indirectly 
appeared recently. Several authors, notably MacDonald,?° Park and Lees,*° 
Johnson,’* and MeKinnon,?" ?? have attempted to show that ‘‘biologieal pre- 
determinism’’ exists, and that the nature of the cancer, not the type of treat- 
ment, determines the patient’s outcome. Thus, a minute cancer of only a few 
cells may invade the lymphaties and/or blood vessels quite early, while another 
cancer will become large, ulcerative, and fixed, but remain localized. Search- 
ing statistical analyses by the aforementioned authors appear to bear out their 
theories. Thus, breast cancers are divided into two main groups (1) early 
metastasizing, and (2) late, or perhaps, nonmetastasizing. Simple mastectomy 
and irradiation should be ample treatment for the latter, while no known type 
of therapy is adequate for the former. This theory, which is most interesting 
and provoeative, certainly merits further investigation. 


SUMMARY 


Reported statistics from various clinics seem to indicate that simple mas- 
feetomy with roentgenotherapy provides at least as high a five-year survival 
rate as radical mastectomy. The reasons for this are not entirely clear at the 
present time, 
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CARCINOMA OF THE GALL BLADDER 
A Stupy or TWENTY-NINE CASES 
CLAIBORNE W. FitrcHett, M.D., ALLEN J. Savitt, M.D., AND E. MerepITH ALRIC! 
M.D., CHARLOTTESVILLE, VA. 


(From the Department of Surgery, University of Virginia School of Medicine) 


URING the past twenty years great advances have been made in the treat 

ment of neoplastic diseases. The introduction of newer, more radica 
surgical approaches, newer anesthetic techniques, the liberal use of blood and 
electrolyte solutions, and the improvement of radiation techniques have all! 
played a part in decreasing the immediate mortality and increasing the five 
year survival rate. During this period, however, there has been little or no 
improvement in the outlook for patients with primary carcinoma of the gall- 
bladder despite the fact that there has been a significant increase in the num- 
ber of operations for diseases of the biliary tract. Why is this true? 

In an effort to understand this question further, the authors have re- 
viewed all the cases of primary carcinoma of the gall bladder treated at the 
University of Virginia Hospital from 1936 to 1952. During this time there 
were 29 proved cases of carcinoma of the gall bladder. In this same period 
of time there were 202,554 admissions to our Hospital, and cholecystectomy for 
gall bladder disease was accomplished in 1,020 cases. Thus the diagnosis of 
gall bladder carcinoma was made in 4.4 per cent of patients treated surgically 
for gall bladder disease. There were 26 women and 3 men. The youngest 
patient was 46 years of age and the oldest 80 years of age, with an average 
age in the group of 65 years. The age distribution is seen in Table I. 

Seventy-two and four-tenths per cent of the patients were between 60 and 
70 years of age. There was a much greater incidence in women, as there is in 
gall bladder disease of other types. The frequencies of the more common 
symptoms are shown in Table IT. 

It is interesting that the most frequent symptoms, namely: right upper 
abdominal pain, jaundice, and nausea and vomiting occurred in over one-half 
the patients and are the same symptoms commonly found in any type of gall 
bladder disease. The duration of the symptoms is of interest in that 15 of the 
patients or 52 per cent gave a history of pain and/or jaundice for one year or 
longer before the diagnosis of carcinoma of the gall bladder was made. The 
duration of the symptoms is seen in Table III. 

Approximately one-third of the patients had symptoms which were quite 
suggestive if not diagnostic of gall bladder disease for five years or longer be- 
fore the diagnosis of carcinoma was made. It is also of interest that in at 
least 2 patients gallstones were evident on x-ray examination one or two years 
previous to the diagnosis of carcinoma. 
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TABLE I 








AGE GROUPS | NO, OF CASES 





40 to 50 years 
50 to 60 years 
60 te 70 years 
70 to 80 years 
80 to 90 years 





TABLE II 








Pain—epigastric 
Pain—abdominal 
Weight lcss 

Anemia 

Jaundice 

Nausea and vomiting 
Weakness 


Indigestion 





TABLE IIT 








DURATION OF SYMPTOMS | NO, OF CASES 





1 to 5 years 
10 to 15 years 
10 to 20 years 
20 to 30 years 
40 + years 








Physical examination in practically every case revealed tenderness in the 


right upper quadrant. The liver was palpable in 7 cases, while in 12 there 
was a mass thought to be the gall bladder. 

X-ray examination was made in 15 eases. Three were by plain films, 
which showed stones in the gall bladder region. Twelve were by cholecysto- 
oram, and all revealed a nonfunctioning gall bladder except one in which the 
examination was not satisfactory. 

All the patients were operated upon. In 16, because of the extent of the 
tumor, only biopsy for pathologie diagnosis was possible. In the remaining 
13, cholecystectomy was accomplished. In 6 of these, carcinoma of the gall 
bladder was not considered seriously from the operative findings, the diagnosis 
being made only by tissue examination. In 7 of the 13 patients who had 
choleeystectomy, the diagnosis of carcinoma was obvious at the time of opera- 
tion. 

In regard to the associated presence of stones in this group, there were 18 
cases, or 62 per cent, in which stones were demonstrated in association with 
the tumor. In 9 cases no definite note was made in regard to the presence or 
absence of stones, and these were the cases in which this could not be deter- 
mined accurately because of the extent of the tumor, which precluded chole- 
eystectomy. There were 2 cases, however, in which stones were definitely 
absent. Pathologie study in this group revealed that 27 of the cases were 
adenocarcinoma, 3 of these being of the papillary type. There was, in addi- 
tion, one mucoid carcinoma and one rhabdomyosarcoma. 











728 FITCHETT, SAVITT, AND ALRICH ae 

The follow-up in the group of 29 cases is complete to date with the ex 
ception of 2 patients. Of the 27 patients followed there are only 3 living an 
2 of these were operated upon within the year. One patient surviving thre: 
years postoperatively had elective cholecystectomy presumably for chronic 
gall bladder disease and was found incidentally to have carcinoma on stud) 
of the tissue. All of the other patients, 24, have died from their disease. Th¢ 
period of survival is listed in Table IV. 


TABLE IV. TIME OF SURVIVAL 








1 to 2 months 1 
2 to 3 months re 
3 to 6 months 9 
6 months to 1 year 3 
1 year to 2 years 3 





DISCUSSION 
As ean be seen from Table V the figures from this institution do not differ 
widely from those reported from other hospitals. The two-year survival rate 
was employed in place of the customary five-year survival rate because it is 
rare for a patient with gall bladder carcinomia to survive five years. 


TABLE V. PRIMARY CARCINOMA OF GALL BLADDER 





| CHOLECYST 








NUMBER GALL- | ECTOMY TWO-YEAR 
OF WOMEN | STONES | PERFORMED | SURVIVAL 
AUTHOR YEAR CASES | (%) (%) (%) (%) 
Judd and Gray 1907-1930 212 74 64.9 28 t 
Tragerman 1918-1947 135* 68 79.8 t 5.3 
38t 
Jones 1926-1948 50 68 82 14 ; 
Lichtenstein and 1922-1938 75 58.7 69.3 25 ¢ 
Tannenbaum 
Finney and Johnson 1932-1941 18 89 61 17 5.5 
Russell and Brown 1932-1948 29 79 76 24 t 
Lam 1939 34 68 87 26 12 
Roberts 1940-1952 45 79 73 33 10 
Fitchett, Savitt, 1936-1952 29 89 62 48 3.4 


and Alrich 





*Autopsy cases. 

Operative cases. 

tNo figures quoted. 

From the figures presented we derive some help in the diagnosis and 
treatment of the disease. Most cases occur in women. Finney and Johnson® 
found that 89 per cent of their patients were women, and Lichtenstein and 
Tannenbaum" reported that 58.7 per cent of their patients were females. 

The incidence of associated gallstones with carcinoma varied from 61 per 
cent (Finney and Johnson") to 87 per cent (Lam'). The relationship be- 
tween gallstones and gall bladder carcinoma has often been emphasized. 
Graham‘ reported that 8.5 per cent of all cases of cholelithiasis seen in the 
Barnes Hospital had an associated carcinoma of the gall bladder. He con- 
cluded that at least 4 to 5 per cent of women in the cancer age who had gall- 
stones would develop carcinoma of the gall bladder. Comfort, Gray, and Wil- 
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son‘ disagreed with Graham and followed 112 cases of cholelithiasis for 10 to 
25 years; in no cases did a known earcinoma of the gall bladder develop. 
Nevertheless, any of those patients might subsequently develop a malignancy. 

Some evidence has come from the experimental laboratory to confirm the 
relationship between cholelithiasis and gall bladder malignancy. Leitch’* re- 
ported that he produced malignant lesions in the gall bladder of guinea pigs 
by introduction of human gallstones or pebbles. Petrov and Krotkina™ also 
found the development of malignant growths following the introduction of 
hard foreign bodies into the gall bladders of guinea pigs. They noted that the 
process required over one and sometimes two years before the malignant 
changes occurred. 

The experimental findings have not gone without criticism. The investi- 
gators have been criticized for presenting insufficient and poorly documented 
reports. Other investigators have failed to reproduce their results.” * ® 

We cannot, however, escape the fact that the majority of people with 
carcinoma of the gall bladder also have gallstones. The percentages quoted 
by various authors are probably very conservative. Many times gallstones are 
overlooked during abdominal exploration because of the advanced stage of the 
lesion, which obscures their presence. Jones® reported that cholecystectomy 
was possible in only 14 per cent of his cases. In his other patients frequently 
only a biopsy of a large malignant lesion could be accomplished. Although 
we were able to perform cholecystectomy in 48 per cent of our cases, the other 
52 per cent had only biopsies taken. 

No attempt has been made to correlate the symptoms and signs of earci- 
noma of the gall bladder with prognosis or treatment. The symptoms may be 
those associated with any other benign lesion of this organ. It is of signifi- 
cance that all patients had one or more symptoms. In other words, no pa- 
tient was asymptomatie. 

Another interesting finding was that the majority of cases occurred be- 
tween the ages of 50 and 80 years, the cancer age group. 

From our studies we conelude as Graham did. Women in the cancer age 
group with symptomatic gallstones are much more prone to develop cancer 
of the gall bladder than the rest of the general population. For these reasons 
we feel justified to advocate cholecystectomy in this group whenever a diag- 
nosis of cholelithiasis has been made. The removal of the gall bladder in 
these patients should perhaps be considered as urgent as the excision of a 
breast tumor or solitary thyroid nodule. 

Is there any way we can improve the surgery for carcinoma of the gall 
bladder? Obviously cholecystectomy alone has not been successful in the ma- 
jority of cases. Removal of a wedge of adjacent liver has also failed to pro- 
duce any significant improvement. Should we remove the major portion of a 
lobe of the liver as advocated by Brunschwig’ for secondary malignant neo- 
plasms of the liver? Jones® analyzed the method of spread of gall bladder 
malignancies in 50 patients. There were two modes of spread: by direct ex- 
tension into the liver and by way of the gall bladder lymphatics. Rarely did 
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the tumor extend by way of blood channels or transperitoneally. Local ex- 
tension into the liver occurred in 36 of his 50 eases, making it impossible to 
dissect the gall bladder free from its bed. He demonstrated two plexuses ot 
lymph channels from the gall bladder, one in the subepithelial layer and the 
other in the subserosal layer. The two communicate by short anastomotic 
branches which perforate the muscular layers. The subserosal plexus in turn 
empties into several main vessels which follow the cystic artery to the neck 
of the organ and to the eystie duct node. From there the lymphatics extend 
chiefly to the chain of mesenteric nodes which lie beside the common duct and 
portal vein up to the hilum of the liver. The cystic duct nodes were affected 
in over three-fourths of Jones’ cases. 

With this knowledge we should be able to plan a more radical surgical at- 
tack on this neoplasm. Many eases will, of course, remain inoperable, but in 
the others we should be able to improve the survival time. One important fact 
that is frequently overlooked is the recognition of the malignancy. Why not 
routinely open all gall bladders at the operating table and send tissue from 
any suspicious lesions to the laboratory for a frozen section? This would en- 
able one to recognize the early lesions. Once the diagnosis has been made one may 
then proceed with a partial hepatectomy and a complete dissection of all lymphat- 
ics about the portal vein, hepatic artery, and celiac axis up to the hilum of the 
liver. Certainly this type of approach should be the minimum expected of 
the surgeon in the treatment of gall bladder malignancy. It should not ap- 
preciably increase the operative mortality under modern conditions. In the 
more advanced eases one should consider radical subtotal right hepatic lobee- 
tomy combined with node dissection. 

Another field that should be investigated is the use of radioactive mate- 
rials coupled with some product that would be concentrated and excreted in 
the bile, as in the use of radiopaque dye in the Graham-Cole test.S This would 
be a further addition to the armamentarium of the physician in treatment of 
these unfortunate patients. 


SUMMARY 

1. Twenty-nine eases of carcinoma of the gall bladder treated at the Uni- 
versity of Virginia Hospital from 1936-1952 have been reviewed. 

2. Cholecystectomy was performed in only 13 cases (48) per cent). In 
the remaining 16 cases only a biopsy was done. 

3. Only 1 patient has survived more than two years, but 2 other patients 
are alive and well after more than one year. 

4. The results of treatment at other institutions as reported in the litera- 
ture are reviewed. It is significant that the survival rate has shown little or 
no improvement in the past twenty years. 

5. We have made certain observations that might improve the outlook for 
patients with gall bladder malignancy. 
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ARFONAD HYPOTENSION FOR PARTIAL HEPATECTOMY 
JOSEPH K. NarAt, M.D., JosepH P. CANGELOsI, M.D., JoHN V. BELMONTE, M.D. 
AND MIcHAEL O. OKUNIEFF, M.D., CuHicaGo, ILL. 


(From the Department of Surgery and Division of Anesthesiology, University of 
Illinois College of Medicine) 


“Hp rqpeise of hemorrhage is one of the most important problems encountered 
in partial resection of the liver, regardless of whether it is done foi 
removal of tumors, or for re-establishment of bile flow (Longmire operation). 
The increasing popularity of the use of ganglionic-blocking agents for production 
of hypotension, with resulting reduction of hemorrhage, in the field of neuro- 
surgery, cardiovascular procedures, and ultraradical resections of tumors in 
various locations, suggested their evaluation in surgery of the liver. 

Bromage' has described gross changes in the liver during seventeen laparot- 
omies under hypotension produced by high epidural anesthesia, and he has 
drawn conclusions as to the permissible level of induced fall of blood pressure. 
No microscopic or biochemical studies were reported. Anlyan and associates” 
studied liver damage following induced hypotension, but in their experiments 
the blood pressure was deliberately reduced far below levels considered safe in 
man. 

The present study was undertaken with the dual purpose of (1) detecting 
harmful effects, if any, on the liver from customary doses of the hypotensive 
agent Arfonad and (2) quantitative determination of blood conservation accom- 
plished by induced hypotension in the course of partial hepatectomy. 

With these objectives in mind, we selected Arfonad for induced hypoten- 
sion because of its controllability and absence of tachyphylaxis. 

Arfonad, described by Randall, Peterson, and Lehmann,’ has the generic 
term trimetaphan camphorsulfonate. It is a potent vasodepressor agent with 
ganglionic-blocking and direct metarteriolar dilating activity of evanescent 
character. The results of controlled hypotension obtained with Arfonad have 
been reported by a large number of investigators.*"'4 

The experiments were carried out on twenty-five healthy mongrel dogs of 
both sexes. This species was selected for the study because Arfonad exhibits a 
much higher toxicity in dogs than in other laboratory animals,* thus creating 
favorable conditions for development and detection of harmful effeets, if any, of 
the agent on the liver parenchyma. 

TECHNIQUE 

All procedures were performed under sterile conditions. After premedica- 
tion with morphine hypodermically and Pentothal sodium intravenously, an 

Supported in part by grant-in-aid from Hoffmann-La Roche, Inc., Roche Park, Nutley 10, 
New Jersey. 

A condensed version of this paper was read before the Dec. 10, 1954, meeting of the 
Chicago Surgical Society. 
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endotracheal tube was introduced and one of the femoral arteries was cannulated 
for sphygmomanometric blood pressure recording. Arfonad in 5 per cent 
dextrose in water solution was administered by intravenous drip in a concentra- 
tion of 0.01 mg. per 1 ¢.c. for dogs 7 kilograms or less in weight, and 0.02 mg. 
per 1 e.c. for heavier dogs. The solution was infused at the rate of from 40 to 
60 drops per minute, until the desired plateau of blood pressure, usually from 
60 to 70 mg. Hg, was obtained. Thereafter the rate of infusion was adjusted 
so as to maintain the blood pressure more or less on the same plane, usually 30 
drops per minute being sufficient for that purpose. The total amount of Arfonad 
solution ranged from 10 to 150 ¢.c.; as a rule, from 35 to 60 ¢.c. was infused in 
the course of the operation. 

The abdomen was opened through an inverted V-shaped subcostal incision. 
Two rows of deep, overlapping, vertical mattress sutures of chromic 0 catgut, 
using a blunt-point, curved needle, were inserted in a V-shaped manner 
through the liver tissue around a portion of the left lobe to be subsequently 
resected. A large aliquot, wedge-shaped segment of the left liver lobe was 
excised, and large blood vessels visible on the cut surface were ligated. A strip 
of the rectus abdominis muscle was excised, placed into the defect, and kept 
in place by mattress suture, in an attempt to aid hemostasis and to obliterate 
the dead space. The margins of the defect in the liver were brought together 
over this muscle strip with a few additional sutures. The intravenous drip was 
discontinued and, after restoration of normotension, the liver was watehed for a 
while for signs of reactionary hemorrhage. Vasopressor drugs, such as Vasoxy] 
or Neo-Synephrine, were rarely needed to terminate the action of Arfonad and 
thus to accelerate the return of blood pressure to its normal level. The abdominal 
wall was closed and a single dose of 600,000 units of penicillin was administered. 

Loss of blood was determined by weighing gauze sponges before and after 
the operation. 

This procedure was employed in fifteen dogs and the same technique, with- 
out hypotension, was used in the control group of twelve dogs. 

Blood samples for biochemical tests were obtained before and at the end 
of the operation, and seven days later. The following tests were performed: 
Bromsulphalein retention, cephalin flocculation, and thymol turbidity, and, in 
addition, determinations of total cholesterol and serum bilirubin were made. 

The dogs were sacrificed from three to ten days after partial hepatectomy, 
and necropsies were performed. In addition to the liver, examined in each 
animal, in several instances also the brains, heart, lungs, spleen, and kidneys 
were removed for histologic examination. The sections were stained with 
hematoxylin and eosin. 


RESULTS 


Of fifteen dogs, one died within twenty-four hours following partial hepateec- 
tomy under hypotension, while in the control group of twelve animals who had 
undergone the same operation without induced hypotension, three fatal outcomes 
were recorded. 
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In the dogs which survived hepatectomy under hypotension, no discernible 
liver damage could be detected on inspection or microscopically. There was no 
polymorphonuclear leukocytie infiltration or significant cellular damage such as 
necrosis of paracentral cells, presence of eosinophil granulations in the eyto- 
plasm, or dissolution of cells, described by Dunlap and co-workers." The 
only positive findings were those of reparatory character in the vicinity of the 
eut surface of the liver. 

There were no histologically detectable alterations in the brains, heart, 
spleen, or kidneys. 

The blood losses are recorded as follows: 


BLoop LOSSES IN GRAMS 























DOG | HY POTENSIVE GROUP | CONTROL GROUP 
39.2 66.0 
2 9.0 36.4 
3 25.4 48.9 
4 21.7 121.9 
5 29.1 61.5 
6 35.0 51.0 
7 30.4 45.2 
8 24.7 39.0 
9 16.6 38.5 
10 28.0 43.6 
11 34.4 41.5 
12 24.6 40.3 
3 14.0 
14 27.0 
15 11.8 
Total 375.9 633.8 
The mean loss: 375.9:15—25.06 Gm. 633.8 :12—52.8 Gm. 


The mean loss in the hypotensive group was 25.06 Gm. and in the control 
group 52.08 Gm. In other words, the saving accomplished by reduced blood 
pressure was 52.5 per cent. 

Thymol turbidity and Bromsulphalein retention tests were negative and 
cephalin flocculation tests were positive in all dogs belonging to either group. 
The total cholesterol and bilirubin contents of the serum remained within normal 
limits in both groups. 


COMMENTS 


Anlyan and associates? have noticed that there is a statistically significant 
difference in mortality when the hypotensive state is prolonged from thirty to 
forty minutes by chemical blockade. Nevertheless, although in our series the 
duration of partial hepatectomy ranged from forty to fifty-five minutes, the 
postoperative mortality rate in the hypotensive group did not materially differ 
from that in the control group. In other words, no fatalities could be attributed 
to induced hypotension. 

The reduction of blood losses by 52.5 per cent demonstrates the fact that 
substantial savings can be accomplished by the use of Arfonad. Although the 
number of experiments may be considered statistically insignificant, the uni- 
formity of results justifies this statement. 
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The absence of pathologie changes in vital organs is of added importance 
when we consider that dogs are especially sensitive to this chemical compound. 
Moreover, it might be expected that a surgical operation on the liver itself would 
enhance any untoward action of Arfonad on this organ. 

The total cholesterol and serum bilirubin contents showed no deviations 
from the normal levels. Cephalin flocculation tests were positive not only in 
the hypotensive but also in the control group, and the intensity of the reaction 
was equal in both series. However, it must be remembered that the serum of 
normal dogs usually shows positive cephalin flocculation’®; accordingly, the 
findings of this test must be discarded. 

The Bromsulphalein test was negative in all dogs. This finding is significant 
because this is the most reliable test for detection of liver injuries in dogs.” *% 
The thymol turbidity test was also negative. In essence then, there was no 
histologie or biochemical evidence of liver damage that could be attributed to 
Arfonad. 

In the light of this experience the statement seems justified that proper 
use of Arfonad is able to reduce considerably blood losses incurred in partial 
hepatectomy, without any untoward effect on liver parenchyma. 

Great individual variations in response to Arfonad from animal to animal 
were noticed. Since the infusion rate necessary to elicit the desired depressor 
response is unpredictable and the fall of blood pressure is precipitous, experience 
and alertness of the anesthetist are conditio sine qua non for the success of the 
method. It was noted that Arfonad in higher concentrations produced longer- 
lasting effect than the same dose in greater dilution. 

The impression has been gained that no optimal level of hypotension is 
applicable to all cases and that lowering of arterial pressure by approximately 
30 points below the preoperative reading is more desirable than setting an 
arbitrary plane of 60 to 70 mm. Hg. This is sufficient to provide a relatively 
bloodless operative field. Maintenance of an adequate plane of hypotension is 
essential for conservation of blood. Under no condition should the systolic blood 
pressure be allowed to fall below 60 or 65 mm. Hg. Bromage,’ reporting the 
eross appearance of the liver during hypotensive anesthesia, stated that a systolic 
pressure of 60 to 70 mm. Hg was eritieal for the maintenance of normal color 
and eonsisteney of the liver. Little, Hampton, and Grosskreutz™ were able to 
produce a relatively bloodless operative field at higher levels of blood pressure 
than those advocated in the past. 

Temporary rise of blood pressure caused by manipulation of the liver can 
easily be compensated by a slight acceleration of the infusion rate. Air hunger, 
disappearance of secretions of visible mucous membranes (conjunctiva, oral 
cavity), and stretching of the anterior extremities in dogs are warning signals 
of overdosage of Arfonad. 

Adequate fluid replacement is a prerequisite, since the ability of the organ- 
ism to compensate blood losses by proper vasomotor control is abolished by 
ganglionic blockade. 

Inasmuch as the effect of hypotensive agents on blood pressure is not always 
easily amenable to control, such terms as ‘‘induced hypotension,’’ as suggested 
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by Sadove,® or ‘‘planned, artificial, or deliberate hypotension’’ seem to be more 
appropriate than ‘‘controlled’’ hypotension, because they express the effect of 
all known compounds used for this purpose, disregarding the degree of thei 
capriciousness. 

The stringent necessity of using antibiotics whenever induced hypotension 
is employed has been demonstrated by Fine.'® 

It is dangerous to transfer the results of animal experimentation into th« 
human field, but the findings justify the opinion that definite advantages ma) 
accrue from the use of Arfonad in partial hepatectomy when exceptional hazards 
are entailed. 

SUMMARY 


1. Hypotension induced by means of the ganglionic-blocking agent Arfonad 
was able to reduce significantly blood losses ineurred during partial liver resee- 
tion in dogs. 

2. Neither histopathologic nor biochemical studies were able to detect harm- 
ful effects of Arfonad on liver or other vital organs. 

3. It is thought that administration of Arfonad requires close supervision 
by an experienced anesthetist familiar with the technique of administration of 
Arfonad. Neglect of these tenets may be followed by disastrous results. 

4. The excellent characteristics of Arfonad in inducing hypotension recom- 
mend its use in partial hepatectomy whenever this method is taken into con- 
sideration. At present this procedure should be employed only in carefully 
selected cases in which blood losses of such magnitude are anticipated that they 
may jeopardize the patient’s life. 
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THE RELATION OF SERUM IRON CHANGES, HEPATIC FUNCTION, 
AND HISTOLOGIC FINDINGS IN EXPERIMENTAL HEPATIC 
INJURIES OF VARIOUS ETIOLOGIES 


KurT R. REISSMANN, M.D., JOHN F. CHRISTIANSON, MAasgor, MC, USA, 
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(From the Departments of Medicine, Pathology, and Surgery, University of Kansas 
School of Medicine) 


EMMELER,’ in 1939, reported significant elevations of the serum iron 
in patients with infectious hepatitis. Subsequently?* ?? from numerous 
clinical observations it appears that the serum iron is almost invariably ele- 
vated during the acute stage of infectious hepatitis, while it remains normal 
in patients with cirrhosis and obstructive jaundice. Little information is avail- 
able on the underlying mechanism of this portion of iron metabolism or on the 
relation between serum iron and histologic alterations of the liver. We? have 
shown recently that serum iron increase is not a specific finding in viral 
hepatitis, but that it occurs even more strikingly in acute carbon tetrachloride- 
induced hepatocellular necrosis. In the present study, the behavior of the 
serum iron in a variety of hepatic injuries of different etiology has been in- 
vestigated in attempts: (a) to correlate the serum iron rise with histologic 
alterations and thus to evaluate the diagnostic significance of the serum iron in 
hepatie injuries; (b) to study especially the relationship between serum iron 
and acute hepatocellular necrosis of various etiologies, since there is indica- 
tion that the serum iron rise is coincidental with disintegration of liver cells. 
If such a direct relationship exists, the serum iron would provide a unique 
criterion of actual acute hepatocellular necrosis, independent of the remain- 
ing liver function, and dependent primarily on the volume of liver tissue un- 
dergoing disintegration. 
In dogs the following types of hepatic injuries were induced: 
A. Chemotoxie necrosis: 
1. centrilobular, induced by carbon tetrachloride ; 
2. hemorrhagic, induced by allyl formate. 
3. Ischemic necrosis, by ligation of the hepatic artery. 
©. Canine viral hepatitis. 
D. Obstructive jaundice, by ligation of the extrahepatic biliary 
duets. 
EK. Partial hepatectomy. 


Serum iron determinations and several liver function tests were made at 
frequent intervals and correlated with the histologic findings in the liver ob- 
tained by sacrificing the animals at various stages of the hepatic injuries. 

Received for publication Oct. 18, 1954. 
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METHODS 


Ninety-three mongrel dogs acclimated to our kennels were used in this study. 
All animals were fed a diet of Nutrena dog chow supplemented by 100 Gm. of 
fresh horse meat daily. Blood for the serum iron determinations was drawn 
between 8:00 a.m. and 10:00 a.m. to avoid diurnal serum iron variations.’° 
Hemolysis was prevented by puncturing the jugular vein with an 18 gauge 
needle and allowing the blood to flow directly into a tube. Only serum samples 
free of visible hemolysis were used for the serum iron determinations, which 
were made according to Barkan’s method.’ Two cubic centimeters of serum 
was mixed with 1 ¢.c. of 0.83N hydrochloric acid and allowed to stand at 37° C. 
for twenty-four hours. One ecubie centimeter of 20 per cent trichloroacetic 
acid was added and the tube was shaken vigorously. After standing for one 
hour the tube was centrifuged, and to 2 ¢.e. of the clear supernatant fluid, 0.25 
c.c. of saturated sodium acetate, 0.15 ¢.c. of a 1 per cent freshly prepared 
ascorbic acid solution, and 0.5 ¢.e. of 0.1 per cent O-phenanthrolene solution 
were added. One hour was allowed for the development of the color, and the 
density was then measured in a Beckman spectrophotometer at 5,150 A. 

The prothrombin concentration was estimated by the one-step method 
using Quick’s'? concentration-time curve for dog blood. For the Bromsul- 
phalein (BSP) test, 4 mg. of Bromsulphalein per kilogram of body weight was in- 
jected and the BSP serum concentration was measured in the fifteen-minute 
specimen. A BSP concentration of 6.6 mg. per cent was considered as 100 per 
cent retention. 

The bilirubin concentration in the serum was determined according to 
the method of Malloy and Evelyn,’* the thymol turbidity according to Mac- 
lagan,'* the total protein by the method of Phillips,’®> and the globuin frac- 
tion according to Looney.*® 

An autopsy was performed on each dog, and several specimens of liver 
tissue from each lobe were fixed in solutions of 4 per cent formalin, Zenker’s 
fluid, and absolute alcohol. Hematoxylin-eosin, Best’s carmine, scarlet red, 
periodie acid Schiff’s reaction, and Gémori and Perle’s stains for iron were 
used. In the carbon tetrachloride series, the extent of necrosis in per cent 
of the total parenchymal liver tissue was determined by Chalkley’s method’? 
in at least twelve slides from various parts of each liver. 

In Group A-1 (twenty-four dogs), 6 ¢.c. of CCl, per kilogram of body 
weight was given by stomach tube in three divided doses at two-hour inter- 
vals. These animals were sacrificed from twelve hours to fifty-six days after 
the last dose of CC],. 

In Group A-2 (twelve dogs), from 0.015 ¢.c. to 0.10 ¢.e. allyl formate per 
kilogram of body weight was given intraperitoneally. The allyl formate 
was mixed with 4 ¢.c. of ethyl aleohol and diluted with 100 ¢.c. of physiologic 
sodium chloride solution. 

In Group B (sixteen dogs), the hepatic artery was ligated under Nem- 
butal-ether anesthesia. During this procedure, the hepatoduodenal ligament 
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was dissected so that only the portal vein and common bile duct remained. 
ive dogs of Group B received no antibiotics and died within twenty-four to 
Eleven dogs received 600,000 units of penicillin daily for 
These dogs were sacrificed at varying intervals. 


seventy-two hours. 
ten days following surgery. 

In Group C (twenty-two dogs), ten adult mongrel dogs were inoculated 
intravenously with 5 ¢.e. of lyophilized spleen suspension containing the virus 
of hepatitis contagiosa canis. In addition twelve puppies were raised in 
strict isolation and inoculated with 1 ¢.c. of the spleen suspension when their 
antititers against the virus were found to be sufficiently low. 

In Group D (eleven dogs), the common duet, cystic duct, 
ondary ducts extending from the liver to the duodenum were ligated and di- 
vided under Nembutal-ether anesthesia. 

In Group E (six dogs) partial hepatectomy was performed with removal! 
of 38 to 62 per cent of the liver tissue. Under Nembutal-ether anesthesia the 
pedicle of the left hepatic lobe was bluntly isolated, clamped, and distally 
transected. The pedicle containing the branches of the portal vein, hepatic 
artery, and hepatic ducts was then ligated with 00 silk. After the right lobes 
were mobilized, individual clamping and ligation of the vaseular and biliary 
radicals was carried out in a manner similar to the technique usually employed 
for thyroidectomy. The hepatic parenchyma could be bluntly separated by a 
hemostat or the finger, thus isolating the other structures (vessels and hepatic 
duets) which did not separate as easily because of their more fibrous com- 
When hemostasis was not present after these procedures, it could 
Two additional dogs sub- 


and any see- 


position. 
readily be secured by the use of transfixion sutures. 
jected to a sham laparotomy served as controls. 


TABLE I, SERUM IRON (MICROGRAMS PER CENT) IN DOGS BEFORE AND AFTER ORAL 
ADMINISTRATION OF 6 C.c. OF CARBON TETRACHLORIDE PER KILOGRAM 
OF Bopy WEIGHT 


“SERUM IRON 





‘PER CENT HEPATO- 














| SERUM IRON 
DOG NO. | CELLULAR NECROSIS _ | BEFORE CCl,* AFTER CCl, 
15 20 37 (24-52) 64 
16 25 34 (32-36) 14] 
18 30 55 (46-65) 154 
13 30 24 (17-32) 112 
19 35 26 (24-27) 148 
a7 40 41 (34-48) 214 
8 40 77 (58-83) 113 
6 50 45 (38-52) 151$ 
12 50 109 (102-112) 308 
11 50 33 (30-37) 347 
20 50 69 (64-78) 260 
14 60 30 (27-41) 342 
10 60 14 (10-16) 128 
9 60 41 (23-55) 355 
7 65 55 (42-73) 465 
21 70 86 (74-92) 384 
*Mean and range of at least three determinations. 
+Maximal values observed, usually two or three days after CCli administration. 
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RESULTS 


The serum iron method has been found reasonably accurate in recovery 
experiments, where known amounts of iron have been added to serum within 
the limits of its iron-binding capacity. In ten experiments iron was added 
to serum to raise the concentration by 100 gamma per cent, and from 94 to 
103 gamma per cent with a mean of 98 gamma per cent was recovered. When 
the equivalent of 200 gamma per cent was added, the recovery was somewhat 
lower, ranging from 178 to 197 gamma per cent with a mean of 191 gamma 
per cent. 

The mean of 281 base-line serum iron determinations in ninety-three nor- 
mal dogs was 79 gamma per cent with a standard deviation of 21 gamma per 
cent. 
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Fig. 1.—Serum iron changes in per cent of average base-line values following adminis- 
tration of 6 c.c. CCl per kilogram of body weight. 
O——O +=Group I (1 dog) with 20 per cent hepatocellular necrosis. 
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* © Group II (3 dogs) with 25 to 30 per cent hepatocellular necrosis. 
A Group III (7 dogs) with 35 to 50 per cent hepatocellular necrosis. 
X——X Group IV (5 dogs) with 60 to 75 per cent hepatocellular necrosis. 


A. Chemotoxic Necrosis.— 

1. Carbon tetrachloride: A significant rise in serum iron was found in all 
the dogs that received CCl, (Table I and Fig. 1). 

A close time relationship was noted between the onset of hepatocellular 
necrosis and the rise in serum iron, both occurring around eighteen hours after 
the oral administration of CCl,. The maximum rise in serum iron coincided 
with the maximum disintegration of liver cells (second or third day), with a 
decline when hepatocellular disintegration had ceased and when the removal 
of debris was in progress (fourth day). During the seventh or the eighth 
day the removal of cell debris usually was complete and the serum iron had 
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returned to base-line levels, although regeneration of liver tissue was not com- 
plete. A more detailed description of the anatomic findings and their relation 
to the serum iron values and liver function tests has been given elsewhere.® 

The extent of hepatocellular necrosis in terms of per cent of total tissue 
was quite variable after the uniform dose of 6 ¢.c. CCl, per kilogram of body 
weight, ranging from 20 per cent to 75 per cent of parenchymal tissue. This 
is due partly to a varying absorption of CCl, but is chiefly attributable to vari- 
able individual susceptibility to CCl,.1° In Table I, the maximal serum iron 
values observed in these animals are presented. <A fairly good correlation will 
be noted between the extent of hepatocellular necrosis and the serum iron 
level. 

The time course of the serum iron changes is shown in Fig. 1, where the 
iron changes in per cent of the base-line values are demonstrated in four 
groups of dogs, arranged according to the extent of hepatocellular necrosis. 

2. Allyl formate: Allyl formate given intraperitoneally in sublethal doses 
was found to be a powerful vasotoxie drug with little specific chemotoxic 
effect upon the hepatic parenchymal cells. Its action is markedly different 
from that of carbon tetrachloride. In allyl formate poisoning the histology is 
dominated by severe vascular damage. 

In Table II are listed the doses for subacute allyl formate poisoning and 
the serum iron values. In most of these animals the BSP retention rose to 55 
per cent, while the serum bilirubin, thymol turbidity, prothrombin, and plasma 
proteins did not change significantly during the relatively short period of ob- 
servation. No significant serum iron rise was seen in these animals, with the 
exception of Dog 309, and it is interesting to note that in this dog only was 
obvious periportal hepatocellular necrosis found at autopsy. 

TABLE II. SERUM IRON (MICROGRAMS PER CENT) IN DoGs AFTER INTRAPERITONEAL 


ADMINISTRATION OF ALLYL FORMATE (20 MG. PER KILOGRAM OF BODY WEIGHT 
ON First, THIRD, AND FirTH Days) 





DAYS AFTER FIRST DOSE 














‘DOG NO. BEFORE* 1 | 2| 3 | 4 S |} ¢ F 8 9 | 10 
308 101 (90-111) 88 102 107 6 7 © 
309 79 (65-93) 68 96 84 95 173 208 
30 83 (71-93) 91 60 68 65 91 74 
307 95 (90-108) 86 91 102 128 117 107 93 134 
306 88 (80-100) 111 58 90 88 73 - 107 105 86 
305 76 (86-111) 66 82 96 101 111 84 91 83 97 
Mean 87 (76-101) t 85 ~—- 80 91 90 107 118 94 #107 ~«O9@*i2 





*Mean and range of three determinations. 
+Mean and standard deviation. 


In most animals the liver showed pools of blood in some areas with gen- 
eralized subeapsular and central congestion in varying degrees. Dog 30 
showed a few periportal liver cells with increased acidophilia of the eytoplasm 
and pyknosis of the nuclei. Edema in Disse’s space was noted in Dog 307. 
All livers showed slight fatty metamorphosis. 

In Table III are listed the serum iron changes with chronic allyl formate 
poisoning. Periportal fibrosis was produced in three dogs by the administra- 
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tion of from 15 mg. to 40 mg. of allyl formate per kilogram of body weight 
every fourth day over a period of eight weeks. The tolerance to allyl formate 
seemed to increase in these animals, because at the end of this period 40 mg. 
of allyl formate per kilogram of body weight caused no obvious effects, while 
initially 40 mg. proved to be fatal. It is questionable whether this is a true 
increase in tolerance or, more likely, a delayed absorption, since the animals 
developed a slight peritoneal exudate. 

TABLE III. Serum IRON VALUES (MICROGRAMS PER CENT) IN Dogs WITH CHRONIC ALLYL 


FORMATE POISONING (15 TO 40 MG. PER KILOGRAM OF BoDY WEIGHT ALLYL FORMATE 
INTRAPERITONEALLY EveRY FourtH Day DuriNG THE First E1gHT WEEKS) 








DOG | DAYS AFTER FIRST ALLYL FORMATE ADMINISTRATION 
NO. BEFORE* | 7 | 14 | 21 | 28| 35 | 42 | 49 | 56| 63 | 70| 77 | 84| 91 | 98 | 105 
CA3 92 (81-120) 74 88 98 124 198 187 164 78 143 86 64 117 86 66 76 


CA4 64(62-75) 107 80 84 86 116 155 117 127 96 71 88 57 83 71 
CA5 76(55-91) 54 99 186 171 112 103 112 88 92 96 64 66 


*Mean and range of three determinations. 














The BSP retention increased gradually up to 45 per cent in these animals, 
the albumin decreased, and the globulin increased moderately. A moderate 
elevation of the serum iron will be noted between the third and the eighth 
weeks, but normal levels were found after administration of the allyl formate 
had ceased. 

These animals were sacrificed between the eighty-fourth and the one 
hundred and fifth days. The capsule of the liver was found markedly thick- 
ened. The Kupffer cells were prominent, the portal spaces were increased in 
size, and showed considerable proliferation of fibrous tissue and bile ducts. 
Some pigmented macrophages were seen in and about the portal spaces. The 
lobules were diffusely infiltrated by polymorphonuclear leukocytes. 

The serum iron values in allyl formate—induced hepatic injury are of par- 
ticular interest in two respects: (1) the absence of hypersideremia in the 
subacute poisoning in spite of pronounced vascular damage and hemorrhages 
into the liver parenchyma; (2) the absence of hypersideremia after discon- 
tinuation of allyl formate in the chronic experiments although periportal fibro- 
sis was found histologically. 

B. Hepatic Artery Ligation—wWithout antibiotic treatment five dogs 
subjected to hepatic artery ligation died of fulminating septic hepatic necro- 
sis within twenty-four to seventy-two hours. With penicillin treatment, as 
recommended by Markowitz,’® two of eleven dogs died on the eighth and the 
ninth day, respectively. The other dogs were sacrificed at various times as in- 
dieated in Table IV. 

Antibiotic treatment prevented or minimized massive bacterial prolifera- 
tion, but all of the eleven dogs showed considerable ischemic hepatocellular 
necrosis. The serum iron changes in these dogs are of particular interest be- 
cause the serum iron did not rise before the third or fourth day and reached 
its maximum between the fifth and the ninth days following hepatie artery 
ligation (Table IV). Liver function tests in four dogs are reported in Table 
V. In the animals sacrificed within seventy-two hours the histologic picture 
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TABLE IV. SERUM IRON (MICROGRAMS PER CENT) IN DoGs ArreR HEPATIC ARTERY LIGATION 
(600,000 Units PENICILLIN DAILY) 





DAYS AFTER HEPATIC ARTERY LIGATION 











DOG NO. _REFORE* 1/2/;/3]/4/5]6/7]8 | 9 | 10] 12] 14 

218 91 (81-111) 99 66 a ny 

216 102 (92-110) 56 71 50 

49 93 (85-110) 54 94 110 122 

51 116 (110-122) 63 44 86 79 143 160 

211 69 (56-84) 42 56 130 262 298 198 140 

53 112 (99-129) 57 85 120 161 192 231 246 

44 72 (63-80) 98 102 131 194 200 204 210 241 

7 74 (80-90) —- 56 116 107 102 122 144 136 131 

208 57 (46-67) - 51 69 - 160 -— 254 207 198 191 

47 78 (73-88) 76 «42 —- 54 105 145 174 248 203 197 164 93 
68 45 (38-56) 66 42 - 44 — 58 109 85 127 84 89 72 
_ Mean 83 + 19t 69 64 101 128 171 160 182 183 165 157 126 82 





*Mean and range of three determinations. 

jMean and standard deviation. 
was dominated by large areas of complete necrosis in the liver, these including 
several lobules and portal spaces. Very few red blood cells were present in 
the sinusoids, and both the arterial and the portal circulation seemed to be 
interrupted. These lesions were similar to those seen in the animal without 
antibiotic treatment except that the areas were of lesser extent and no bae- 
teria were found in the infarcted areas in the treated animals. No poly- 
morphonuclear leukocytes were seen in the large necrotic areas, but some were 
noted in surrounding zones. Stains for iron did not reveal any to be present. 


TABLE V. LIVER FUNCTION Tests AFTER LIGATION OF HEPATIC ARTERY 
(MEAN oF Four Dogs) 














DAYS AFTER _ 

BEFORE 2 | 4 | 7 10 
Serum bilirubin (mg. %) 0.1 0.3 5.2 8.4 
Bromsulphalein retention (%) 6 44 65 76 73 
Prothrombin (% of normal) 100 100 55 37 38 
Thymol turbidity (units) 2 2 + 10 12 
Serum albumin (Gm. %) 4.3 4.2 4.0 3.5 3.2 
Serum globulin (Gm. %) 2.4 2.5 2.4 2.5 2.6 





In animals sacrificed four to six days after hepatic artery ligation, smaller 
areas of necrosis were seen in addition to the previously described larger 
areas of complete necrosis. In these smaller areas, the liver cells were 
necrotic, but the portal vessels and biliary duets remained viable. These areas 
often surrounded the larger necrotic ones and were congested and infiltrated 
by leukocytes. Fibroblasts were noted proliferating into the necrotic areas 
at four days and capillaries at six days (Dog 51). In the organizing zone 
adjacent to the necrotic areas, iron pigment was found in macrophages and 
in the Kupffer cells. This organization and removal of the necrotic and de- 
generating cells were present at ten days without any line of demareation 
between the viable and the necrotic zones. Bile thrombi were noted in Dogs 
49 and 208. At fourteen days (Dog 47) the debris of the small necrotic areas 
had been removed, but the larger infarcts were poorly organized and pig- 
mented macrophages were present. 
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C. Hepatitis Contagiosa Canis——Rubarth®® has deseribed a virus disease 
in dogs characterized by regressive centrilobular liver changes, fibrinous peri- 
hepatitis, gall bladder edema, and ascites. Due to the high immunity found in 
most adult dogs, attempts to produce the disease in ten mongrel dogs failed. 
Therefore, puppies were raised in strict isolation and inoculated when their 
antibody titer against the virus was found sufficiently low, usually at the age 
of 2 months.* Of twelve puppies inoculated, five died on the third day, three 
between the fourth and the sixth day, and the remainder did not develop fever or 
other signs of the disease. The serum iron values in the successfully inoculated 
dogs are presented in Table VI. Most of these dogs showed an elevated BSP re- 
tention (up to 30 per cent), but other liver function tests remained normal, 
especially the serum bilirubin. 















SERUM IRON AND HISTOLOGIC LIVER FINDINGS IN DoGs BEFORE AND AFTER 
INOCULATION WITH CANINE HEPATITIS VIRUS 


TABLE VI. 













HISTOLOGIC LIVER FINDINGS 































DAYS AFTER INOCULATION INCLUSION 

DOG NO. BEFORE* 1/2 ]83 | 4] 5 | -6 BODIES NECROSIS 
3 74 (52-98) 66 72 98 £96 +++ + 
4 69 (58-87) 92 101 181 161 +++ + 
9 99 (94-108) 58 48 81 101 +++ - 
15 60 (84-66) 46 54 135 144 ++ + 
16 90 (74-101) 65 62 £51 81 ++ + 
6 81 (65-91) 63 141 289 340 315 ++++ +44 
2 89 (78-99) 77 G2 @ 86 83 ++ = 
1 79 (65-88) 72 84 61 135 4157 166 ++ ++ 

Mean 80 + 13t 67 78 120 143 185 












The last serum iron value listed indicates the day the animal died. 
*Mean and range of three determinations. 
+Mean and standard deviation. 













At autopsy a moderate peritoneal exudate, fibrinous coating of the surface 
of the liver, and edema of the gall bladder were generally present. While typi- 
eal inclusion bodies were found in the livers of all nine dogs, hepatocellular 
necrosis was not as pronounced as described by Rubarth, and only four of nine 
successfully inoculated dogs actually showed a significant degree. It will be 
noted in Table VI that in three of these four dogs with hepatocellular necrosis, 
significantly elevated serum iron levels were found. 

In none of these animals was death caused by hepatie failure, because the 
extent of hepatocellular damage was less than that seen in nonfatal hepatic 
injuries described in other sections of this article. Severe endothelial damage 
and numerous inclusion bodies were found in all organs, and this generalized 
endothelial damage was considered to be the cause of death. The hepatocellu- 
lar damage seemed to be only a variable part of the generalized viral endo- 
theliosis. 

D. Ligation of Bile Ducts——Three of eleven animals died spontaneously 


following ligation of the bile ducts. The remaining eight were sacrificed at 
varying intervals as indicated in Table VIII. Dog 217 died on the twenty- 




















*These experiments were carried out in cooperation with Dr. Vern Bolin, Jensen-Salsbury 
Veterinary Laboratory, Kansas City, Kansas. 
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second day of pneumonia and emaciation; Dog 221 on the thirty-eighth day 
of perforated duodenal ulcers; and no direct cause of death was found in Dog 


207, which died on the forty-ninth day. 


TABLE VII. 


LIVER FUNCTION TESTS AFTER LIGATION OF BILE Ducts 


(MEAN AND RANGE IN EIGHT Docs) 








DAYS AFTER 





| BEFORE | 4 | 8 





14 | 2 | 2 «36 
Serum bilirubin 0.0-0.2 2.3-11.1  42-12.3 3.8-11.4 3.9-10.4 4.6-10.2  4.0-11.1 
(mg. %) 0.1 6.4 7.8 7.9 6.4 5.8 5.7 
Bromsulphalein reten- 0-8 36-82 56-91 46-88 51-79 52-71 41-90 
tion (%) 6 71 76 68 61 62 60 
Prothrombin (% of 100 100-72 96-62 98-46 82-42 68-31 80-30 
normal) 80 2 71 78 58 64 
Serum albumin 3.7-4.9 3.5-4.3  3.2-4.1 2.8-4.0 2.6-4.2 2.9-4.1 3.2-4.1 
(Gm. %) 4.2 3.9 3.9 3.8 3.8 3.8 3.9 
Serum globulin 2.0-3.1 1.8-2.6 1.4-3.5  1.7-3.2 1.0-3.4 2.7-3.5 2.3-3.4 
(Gm. %) 2.3 2.3 2.6 2.6 2.7 3.0 3.1 
Body weight (% of 100% 96-99 82-95 81-94 78-93 80-91 76-91 
base line) 97 93 89 87 85 80 





In all animals the completeness of obstruction was tested at autopsy by 
injecting methylene blue into the greatly dilated proximal stump of the com- 


mon duet. 


After the stump was massaged, the duodenum was opened. 
instanee was any dye found in the duodenum. 


In no 
The dye did enter the smaller 


duets of the liver lobules and was noted in the hilar lymph vessels and the 


perihilar lymph nodes. 


This enlarged lymph system apparently represents an 


important drainage channel for bile in eases of prolonged obstruction of the 


common duct. 


Body weight changes and results of several liver function tests are shown 


in Table VII. 
week and then deelined. 


common duct obstruction. 


The prothrombin levels in all animals remained well above the bleeding 
Vitamin K is stored to a great extent in the dog’s liver, and periods 
of three to four months are required before the storage is exhausted with sig- 


range. 


nificant decreases in prothrombin.** 


The serum bilirubin reached a maximum during the second 
The serum bilirubin levels were generally lower than 
in human patients, although there was no doubt as to the completeness of the 
This discrepaney can be attributed to a low bili- 
rubin threshold of the canine kidney,?*-** to an exeretion of bilirubin through 
the intestinal wall,?* and to a conversion of bilirubin into biliverdin, which 
escapes detection by the van den Bergh reaction. 
verdin was found spectroseopically in the serum of our animals, but no at- 
tempts were made to determine it quantitatively. 


On several oceasions bili- 





The plasma protein values varied greatly. In some animals both fractions 
decreased considerably, reflecting the poor nutritional state of the animal. 
In other animals a tendency for reversal of the albumin-globulin ratio was 
noted, probably indicating progressive parenchymal involvement. 
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In the animals sacrificed between the eleventh and the twentieth days 
following ligation of the common duet, the liver showed numerous bile thrombi 
in the canaliculi of the central zones and slight foeal congestion of the central 
zones, and the staining of the liver cells in the central and mid-zones was 
lighter than in the periphery. A few cells around the hepatic veins were 
acidophilic, pyknotic, and hyperchromatic. This was present in about the same 
degree in most dogs. A few polymorphonuclear leukocytes were seen in this 
same area. No parenchymal necrosis was seen. Iron was not found in the 
Kupffer cells. 

Between the twentieth and the thirtieth days after bile duct ligation, an 
increasing amount of fibrous proliferation in the portal spaces and prolifera- 
tion of bile ducts was found. Kupffer cells contained bile pigment and phago- 
eytized bile thrombi. 

In the animals sacrificed between the forty-third and the forty-sixth days, 
the lobular pattern was much exaggerated by portal fibrosis, bile duet prolifera- 
tion, and infiltration by lymphocytes and polymorphonuclears. Bile thrombi 
were fewer and some were phagocytized by macrophages or Kupffer cells. 
Other Kupffer cells showed bile pigmentation, but no iron. 

Sixty-four days after ligation there was a moderate fibrosis about the 
hepatic veins and in the portal spaces where iron-positive material was found 
in macrophages. Bile thrombi were decreased in number. 

The mean of the serum iron determinations in eleven dogs following liga- 
tion of the bile ducts showed a slight elevation of doubtful statistical signifi- 
eance (Table VIII). In individual animals significant increases in serum iron 
were observed, but these were of short duration and did not indicate any gen- 
eral trend. These erratic increases in serum iron could not be correlated with 
any consistent histologic findings in the liver. 

E. Partial Hepatectomy.—The serum iron values in six dogs before and 
after removal of from 125 to 260 Gm. of liver are presented in Table IX. 
Based on a ealeulated liver weight of 3.2 per cent of the body weight, the 
amount of liver tissue removed ranged from 38 per cent to 62 per cent of total 
liver tissue. No increase in serum iron oceurred in any of these dogs. Dogs 
209 and 214, where 62 per cent and 59 per cent of the liver had been removed, 
were deeply comatose for forty-eight hours following operation and exhibited 
pronounced muscle twitching. These animals received repeated intravenous 
glucose infusions. Liver function tests in three dogs, where approximately 60 
per cent of the liver tissue had been removed, are presented in Table X. The 
liver weight at time of autopsy (Table IX) indicates that the regeneration was 
not complete at that time. 


DISCUSSION 


The common denominator of serum iron increases found in these experi- 
ments was the presence of acute hepatocellular necrosis. The point is illus- 
trated in the summarizing seatter diagram (Fig. 2) where the maximum serum 
iron values observed in the course of various hepatie injuries are plotted in 
two groups, with or without acute parenchymal necrosis. The degree of 
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necrosis indicated in Fig. 2 by the subdivisions + through ++++ could be 
established with accuracy only in the earbon tetrachloride-poisoned animals. 
In these the necrosis was uniformly distributed enough to determine its extent 
by means of the Chalkley method. In the other types of hepatic injury the 
degree of necrosis could be estimated only grossly because of its patchy dis- 
tribution. 

The correlation between presence of parenchymal disintegration and hy- 
persideremia, or absence of necrosis and normal serum iron, respectively, was 
quite good except in the group with ligation of the common duct. Although 
the last animals showed moderately elevated serum iron levels, no frank paren- 
chymal necrosis was seen histologically. The physiologic excretion of iron in 
the bile is less than 0.1 mg. per twenty-four hours, and it is therefore doubtful 
that excretory failure played any part in the moderate hypersideremia seen i: 
these animals. A considerable day-to-day variation was noted in the serum 
values of the animals in this group, and it is possible that the erratic increases 
in serum iron were secondary to hemolysis caused by retained bile salts. 


TABLE X. LIvER FUNCTION TESTS (MEAN AND RANGE) IN THREE Docs AFTER REMOVAL OF 


From 59 To 62 PER CENT OF TOTAL LIVER TISSUE 








DAYS AFTER 





| BEFORE | 2 | 4 





| 10 | 14. S| 20 

Serum bilirubin (mg. %) 0.0-0.1 0.1-0.7 0.0-0.8 0.1-0.6 0.0-0.7 0.1-0.4 
0.05 0.4 0.4 0.2 0.3 0.2 
Bromsulphalein retention (%) 2-8 13-28 11-21 8-16 9-14 3-11 
5 21 18 11 11 9 

Prothrombin (% of nor- 98-82 98-75 98-65 98-66 100-75 
mal) 100 92 90 86 86 91 

Albumin (Gm. %) 4.1-4.4 4.0-4.2 3.7-3.9 3.7-4.0 3.9-4.3 4.2-4.2 
4.3 4.1 3.8 3.9 4.1 4.2 

Globulin (Gm. %) 3.0-3.2 2.9-3.2 2.9-3.1 3.0-3.3 3.0-3.3 3.1-3.5 
as | 3.0 3.2 a8 3.3 





The reduction in viable liver cells is apparently not a factor in the de- 
velopment of hypersideremia. No serum iron changes were observed in ani- 
mals with partial hepatectomy or with portal fibrosis, and the series after 
hepatic artery ligation furthermore supports this point. In the latter animals 
a great number of liver cells in the infarcted areas were eliminated from func- 
tioning within forty-eight hours, but the serum iron did not rise in most ani- 
mals before the fourth or fifth day. This delay is in contrast to the CCl,-in- 
duced centrilobular necrosis, which was almost immediately accompanied by 
a rise in serum iron. If a disturbance in the iron storage function of the liver 
were responsible for the hypersideremia, one would expect a prompt rise in 
iron similar to that seen in CCl,-induced necrosis, because the infarcted liver 
areas do not participate in any liver function. 

While our findings strongly support a direct relationship between serum 
iron rise and acute hepatocellular necrosis, no conclusive evidence is available 
on the underlying mechanism of the serum iron increase. Hemolysis in the 
stagnant circulation of the necrotic liver tissue has been proposed as a possible 
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factor and is difficult to evaluate by any direct experimental approach. The 
findings in the allyl formate series, however, do not support by inference such 
a mechanism. In the dogs with subacute allyl formate poisoning, a marked 
destruction of blood vessels with hemorrhages into the parenchyma was very 
prominent, but no increases in serum iron were seen. If hemolysis within the 
liver were a factor, one would expect a serum iron rise in these animals where 
the blood pooled in the liver parenchyma undergoes lysis. 
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Fig. 2.—Serum iron in sixty-two dogs with experimental hepatic injury. (Only the highest 
value observed in each animal is indicated. ) 


Christian*’ found in patients with hepatitis a rising turbidity of the 
plasma frequently coincident with serum iron elevations, and suggested a de- 
rangement of lipid metabolism as a factor in the development of the hyper- 
sideremia. While this aspect deserves further exploration, no evidence is so 
far available indicating any disturbance in iron transfer. In patients with 
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hepatitis the iron was found to be beta globulin-bound, like normal serum iron, 
and no changes in the iron-binding capacity of the plasma were noticed.* The 
disappearance rate of intravenously injected iron was similar in normal sub- 


jects and in patients with hepatitis,” 7° and in normal and CCl,-poisoned dogs.°® 


A release of storage iron from the disintegrating liver cells has been sug- 
gested.° As 100 Gm. of liver tissue contains between 10 and 30 mg. of iron, 
the iron if gradually released during the disintegration of liver cells could 
account for the observed hypersideremia. 


The findings in the group of animals with hepatic artery ligation lend 
some support to the concept that material released from the dying liver cells 
is responsible for the hypersideremia. It has been pointed out that, in spite 
of the presence of large infarcted and necrotic areas in the liver of these ani- 
mals, the serum iron rose only after a delay of several days. As both the 
branches of the hepatie artery and the portal vein were found to be included 
in the infarcted areas, the complete interruption of blood flow very likely pre- 
vented the material released from the dying liver cells from entering the cir- 
eulation. The serum iron rise, which occurred in the animals between the 
fifth and ninth days, coincided with beginning lysis of the infarcted areas as 
manifested by polymorphonuclear infiltration, growth of fibroblasts, and re- 
turn of vascularity, and with the appearance of iron in the macrophages in 
the border zone. 

However, attempts to demonstrate this mechanism by placing liver tissue 
freshly removed from a donor dog into the peritoneal cavity of a recipient dog 
failed. Mann** has demonstrated in dogs that death occurred within twenty- 
four hours if 0.5 Gm. of liver tissue per kilogram was left free in the peritoneal 
cavity. Ellis and Dragstedt?® prevented this lethal effect by autoclaving the 
liver tissue prior to placing it into the abdominal cavity. In our experiments, 
liver tissue was sterilized in vivo by administering 600,000 units of penicillin 
and 750 mg. of Aureomycin to a donor dog daily for five days prior to the re- 
moval of the liver. <A recipient dog was treated in the same manner after the 
implantation. In three dogs approximately 50, 100, and 200 Gm. of liver tissue 
in small strips was introduced into the peritoneal cavity through a small in- 
cision. The recipient animals exhibited no ill effects. With the exception of 
a few small areas adherent to the intestine, the implanted liver tissue disin- 
tegrated within ten days. No elevation of serum iron was noted in the re- 
cipient dogs. At autopsy a considerable peritoneal exudate, of brownish color, 
was found in each dog. The formation of this exudate may have prevented 
the prompt absorption of the iron released from the disintegrating liver cells. 
These implantation experiments, therefore, cannot be considered conclusive. 

Sterile or bacterial abscesses as well as inflammatory processes are known 
to lower considerably the normal serum iron level.*° ** When present, this 
serum iron-depressing effect influences the quantitative relationship between 
extent of necrosis and magnitude of serum iron rise. In most dogs of the ear- 
bon tetrachloride series, where no interfering infection was present, an almost 
linear relationship was found between serum iron rise and extent of hepato- 
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cellular necrosis. No such quantitative relationship existed in the other types 
of hepatocellular necrosis, especially in animals with hepatitis contagiosa canis 
where infection and inflammation in numerous organs concurred. 

The magnitude of the serum iron level following hepatocellular injury is 
furthermore influenced by the preinjury iron level. In Dog 10, for example 
(CCl, series, Table 1), which suffered from sareoptic mange and was in poo 
nutritional state, consistently low base-line values with a mean of 14 gamm: 
per cent were found. After a marked hepatocellular necrosis had been in- 
duced, the serum iron in this dog rose to only 128 gamma per cent; that is 
while there was a significant relative response, the absolute value barely ex- 
ceeded the normal serum iron range. 


SUMMARY 


Serum iron, liver function, and histology of the liver were studied in six 
groups of dogs with various types of hepatie injury. 

1. In earbon tetrachloride—poisoned dogs, a good quantitative correlation 
was found between the elevated serum iron and the extent of hepatocelluiar 
necrosis. The serum iron rose when hepatocellular necrosis became evident 
histologically and returned to pre-experimental values when the actual dis- 
integration of liver cells had ceased and the debris was removed, although at 
that time parenchymal dysfunction was still demonstrable. 

2. Allyl formate in large doses was found to be extremely vasotoxie and 
produced hepatic vascular lesions and hemorrhages. No serum iron changes 
occurred in acute experiments. With repeated small doses, periportal fibrosis 
was produced and normal serum iron values were found in these animals. 

3. Ischemic necrosis was produced by ligation of the hepatic artery, and 
fulminating septie necrosis of the liver was prevented by antibiotic treatment. 
In these animals no serum iron rise was found until revascularization and lysis 
of the infarcted areas took place. 

4. Inoculation with the virus of hepatitis contagiosa canis was unsuccess- 
ful in adult mongrel dogs, but produced a fatal generalized viral endotheliosis 
in puppies raised in isolation. Only four of twelve dogs developed a signifi- 
cant viral hepatitis. Although the serum iron was increased in these, the hy- 
persideremia was not proportional to the extent of hepatocellular necrosis. 

5. Ligation of the bile ducts produced erratic serum iron rises of short 
duration which could not be correlated with any histologic changes in the 
parenchyma of the liver. 

6. Partial hepatectomy (60 per cent of total tissue) did not produce al- 
terations in the serum iron, although liver function tests were moderately 
affected. 
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THE PLACE OF EMERGENCY RESECTION IN THE MANAGEMENT OF 
OBSTRUCTING AND PERFORATING LESIONS OF THE COLON 


Rosert O. Greco, M.D.,* Syracussg, N. Y. 


OLOSTOMY is the answer given to the problems of obstruction and per- 

foration of the colon by the standard texts and the conservative clinies of 
this country. But the wisdom of making colostomy a routine is currently being 
challenged. In discussing perforating lesions of the colon in a recent editorial, 
George Crile, Jr.,1 is quoted: ‘‘Most important is the elimination of the source 
of contamination. If this is done the patient has a better chance of recovery 
than he does following a small operation which diverts the fecal stream. It is 
the disease, not the operation which causes death, and it is the first responsibility 
of the surgeon to eradicate the disease.’’ Guy? of Chicago and Lewis and 
Hurwitz’ of New Haven have recently reported resection and, in some eases, 
anastomosis for relatively acute cases of diverticulitis. Miller and Ripstein‘ 
have demonstrated the superiority of emergency subtotal colectomy over ileos- 
tomy in the treatment of fulminating ulcerative colitis. A few sporadic reports 
of resection and anastomosis for acute obstruction of the colon, such as that of 
Baronofsky,®> have appeared. But, in general, resection in the face of acute 
obstruction or perforation of the large bowel is regarded as unsafe practice. 

It is my purpose to point out what I believe to be the criteria which need 
to be satisfied before one performs resection and primary anastomosis, and to 
define strictly the indications for colostomy in dealing with acute emergencies 
involving the colon. 

Let us examine the reasons for the persistent prevalent insistence upon 
colostomy in dealing with these problems. 

1. Prior to the advent of antibiotics the mortality in unselected cases of 
obstruction and perforation treated by resection at the Mayo Clinie was two 
to three times as high as after simple colostomy. A mortality of 35 per cent 
in obstruction or perforation when the lesion was simply exteriorized surely 
was no recommendation for such procedure. When anastomosis was added the 
mortality rose to 50 per cent. 

2. Sinee the advent of enteric preparation by sulfonamides and latterly 
by the broad-spectrum antibiotics, the mortality in elective resection has been 
reduced so greatly that there is great hesitancy in resecting a bowel not prepared 
by these ‘‘magie sterilizers.”’ 

3. There is a current popular opinion that the patient who develops an 
acute obstruction from carcinoma, or whose colon perforates at the site of malig- 
naney or diverticulitis, has been chronically ill prior to the onset of the acute 
illness, and therefore is no candidate for major emergency surgery. 
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The validity of all these arguments can be questioned. First, statistics 
of the preantibiotic era in unselected eases have no significance today. The 
mortality from ruptured appendicitis, for example, has been dramatically re- 
duced by systemic antibiotics from about 10 per cent to 2 per cent. One cannot 
use 1935 figures for 1955. 

Second, much of the precipitate drop in mortality which is attributed to 
preparation of the lumen of the bowel may well be due to the systemic use of 
antibiotics to prevent invasive infection. To my knowledge no comparative 
studies have been made to determine whether infection or mortality can be 
lowered any more when enteric antibiotics are used in addition to mechanical 
cleansing of the bowel, provided both groups receive substantial parenteral 
antibacterial protection. 

The third reason given, that these patients are chronically ill, is not very 
well substantiated by fact. Obstructing lesions rarely cause anemia, weight loss, 
or hypoproteinemia unless distant metastases already have occurred. Anemia 
is not the rule with diverticulitis. For example, in this series of 41 patients 
reported here, among those not showing distant metastases or hopeless local 
irresectability, only 3 had hemoglobin levels below 12.0 Gm. per 100 c¢.c. of blood. 

My own experience in private practice with carcinomas of the colon would 
indicate that acute emergencies are more common than reported from the major 
clinics. Twenty-four patients of a total of 116 suffering carcinoma of the large 
bowel were operated on as emergencies, 20 for acute obstruction, 4 for acute 
perforation. In the same period 17 patients were operated on as acute 
emergencies for benign disease, making a total of 41 colonic emergencies in a 
period when 96 elective colon resections were carried out. 

A eareful review of the results in these private cases, as well as observation 
of the results in the management of similar problems in a large University Hos- 
pital ward service, has led me to formulate definitive indications for (a) colos- 
tomy and (b) resection. 

In my opinion colostomy should be established whenever there is: 


1. Traumatic perforation with gross feeal soiling. 

2. Late perforation of the colon due to disease with abscess formation, 
feeal fistulas, or gross feeal soiling. 

3. Late obstruction of the left colon. 

The criteria for resection and primary anastomosis, I believe, should be as 
follows: 


1. The bowel to be sutured—both ends—should be of relatively normal 
size, free of edema, and with good blood supply. 

2. The proximal bowel should be free of large fecal masses. 

3. The bowel to be removed should merit resection because of either (a) 
severe impairment of circulation, or (b) malignancy, or (¢) a high degree of 
suspicion of malignancy, or (d) because of inflammatory disease which is not 
likely to return to normal under medical treatment. 


I should like to discuss these two problems under two headings: (1) obstruc- 
tion, (2) perforation. 
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1. The Management of Obstruction—Although our primary concern is 
with the operative management of these cases there are a few features in the 
preoperative evaluation of the patient suffering obstruction of the large intestine 
which should be considered. Unless the patient has already developed distant 
metastases, his general condition prior to the onset of the acute obstruction, 
aside from the infirmities of age, has usually been good. (All our patients, for 
example, showed more than 12.0 Gm. hemoglobin per 100 ¢.c. of blood.) Weight 
loss, protein deficiencies, and anemia are unusual. Usually a very few hours’ 
time is all that is required to perform the simple laboratory studies, to cross- 
match blood for transfusions, and even to digitalize the decompensated heart, 
if necessary. Usually the flat film of the abdomen will be diagnostic, but if 
there is any question, and the obstructing lesion cannot be felt by the finger 
or seen through the sigmoidoscope, a barium enema should be secured. Any 
surgeon with considerable experience who has routinely operated without the 
benefit of a barium enema has made the mistake of operating on an elderly 
patient with colonic ileus without true obstruction. A barium enema is also 
very helpful in establishing volvulus as the diagnosis. Usually the flat film to- 
gether with the history will differentiate between obstruction with or without a 
competent ileocecal valve. 

True complete obstruction of the colon of the closed-loop type constitutes 
a surgical emergency. Every hour the tension builds up in the colon, the greater 
the danger of nonviability and perforation of the ceeeum. The earlier the diag- 
nosis is made, the less the impairment of the blood supply, and consequently 
less likely will colostomy be necessary. 

At the time of exploration, unless the condition of the patient is dire, com- 
plete exploration should be carried out to determine: (1) the local resectability 
of the lesion, (2) the presence or absence of distant metastases, (3) the state 
of the obstructed bowel. Approximately 40 per cent of the patients presenting 
with acute obstruction of the colon owing to cancer will be hopelessly incurable 
at the time of exploration. (Eight of twenty in this series.) If distant metas- 
tases are present, one will normally do everything possible to avoid colostomy. 
This ean be accomplished by resection and anastomosis, or by an internal decom- 
pressive operation. For example, an anastomosis may be easily established 
between the transverse colon and sigmoid for splenic flexure carcinoma. 

If the local lesion is not resectable and is in the lower sigmoid or reetum, 
as low a colostomy as possible should be made. Colostomy for the inoperable 
is bad at best, but an eternally running transverse stoma adds unnecessarily 
to the patient’s trouble. 

If the lesion appears favorable, then the entire program should be decided 
upon at this first emergency operation. 

If the lesion is in the lower sigmoid, and subsequent anterior resection and 
anastomosis seem justified, then I believe a transverse colostomy should be 
established. A subsequent resection and anastomosis, followed by closure of 
the colostomy, will follow. If the lesion is too low for subsequent anastomosis, 
then cecostomy may well be used as a preliminary operation, followed by com- 
bined abdominoperineal resection. 





Volume 37 OBSTRUCTING AND PERFORATING LESIONS OF COLON 


Number 5 


In every ease the possibility of primary resection should be considered and 
the merits of resection versus decompression carefully weighed. Having rapidly 
but carefully evaluated the patient’s general condition before operation, the 
suitability of the ease for resection and primary anastomosis can be determined 
on the basis of the findings at exploration. There are three situations in which 
resection and anastomosis are indicated. In each of these, the proximal and 
distal segments to be united are free of edema, and with good blood supply. 
These are (1) when there is regurgitant obstruction with an incompetent ileoce- 
eal valve; (2) when the entire obstructed segment can be removed, even if the 
obstruction is of the closed-loop type (this is particularly applicable to obstrue- 
tions involving the ascending and transverse colon); (3) whenever, regardless 
of the types of obstruction, the bowel returns to relatively normal size, when 
aspirated by trocar. If the bowel wall has become devitalized to the point of 
imminent or actual perforation, it may be safer to remove the entire devitalized 
segment, even if this involves a subtotal colectomy, rather than simply establish 
a vent from this seminecrotic bowel. In the review of intestinal obstruction for 
the Central New York Surgical Society in 1951, there were 5 deaths among 
6 patients in this category treated by cecostomy (Grege®). 

Applying these principles which we have formulated in the treatment of 
acute obstructions, the procedures were carried out with the results as shown in 
Table I. 


TABLE I 








I. OBSTRUCTIONS 
TREATMENT NO. | COMPLICATIONS MORTALITY 

Colostomy 10 3 2* 
Colo-colostomy 0 0 
Rectal tube only* 1 1 

(No operation ) 
Exploration only 
Resection and anastomosis 
Resection and ileostomy 
Reduction of volvulus 


Total 














Il. PERFORATIONS 





TREATMENT NO. COMPLICATIONS MORTALITY 
Early perforations: 





a (2) 
Colostomy 

Divert. (3) 
Exploration only, diverticulitis 

rt. colon 

Resection and anastomosis 

Ca (2) 

Inflam. (7) 
Late perforations: 

Traumatic 1 
Colostomy 

Diverticulitis 1 1 
Total 20 7 


*Includes 1 death following subsequent colostomy closure after resection. 


7Both complications were pulmonary emboli—1 in a patient with a solitary ulcer of the 
secum, the other after resection for diverticulitis of the sigmoid colon. 
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In 8 of the 20 patients suffering obstructing carcinoma, the lesion was in- 
curable because of metastases at the time of exploration. Two resections car- 
ried out at the time of original exploration were judged palliative because of 
distant spread of the disease; 5 resections were carried out with a view to cure. 


Seven patients were later submitted to resection after preliminary colos- 
tomy. The one death in this group was due to cardiac arrest at the time of 
closure of the colostomy. 

The one emergency resection without anastomosis was a subtotal colectomy 
with ileostomy for a patient with long-standing chronic ulcerative colitis who 
had developed an acute obstruction from a carcinoma of the descending colon. 

Two of the lesions submitted to emergency resection and anastomosis were 
in the proximal half of the colon; 4 were in the descending colon. Two of the 
left colon lesions were early obstructions in which the bowel returned to normal 
after aspiration. One had massive hepatic metastases—resection was purely 
palliative. The other left colon lesion resected was in an elderly lady whose 
cecum was near to perforation because of impairment of blood supply from 
tension. A subtotal colectomy and anastomosis were successfully carried out. 
She developed a pulmonary infarct on the twelfth day, but following this made 
a good recovery. 

Comment.—The indication for resection of the entire obstructed segment 
seems quite clear-cut for lesions of the right and transverse colon. How far 
down the left side of the colon one should extend resection for obstructing 
eancer is a problem still to be decided. In early obstructions, resection and 
anastomosis of colon to colon will frequently be possible. In longer-standing 
obstructions without cecal perforation or impending perforation, colostomy seems 
indicated. In the more desperate cases with gangrene and perforation I, per- 
sonally, believe that more patients will be saved by an aggressive colectomy re- 
moving all the necrotic and seminecrotic bowel proximal to and ineluding the 
eancer. A cutaneous ileostomy may well be necessary in these cases—at least 
as a temporary measure. Individual experience is too limited to allow one 
to be dogmatie. 

2. Perforating Lesions of the Colon—Whereas our primary concern in 
this paper is with lesions showing early perforations, all the patients operated 
on as emergencies are included for the sake of completeness. 

Three perforations were traumatic in origin, 4 owing to underlying ear- 
cinoma, 10 to diverticulitis, 2 to acute and chronic granulomas, and 1 to a 
solitary ulcer of the cecum. 

In the perforating lesions due to disease the preoperative diagnosis was 
usually that of ‘‘acute abdomen’’—peritonitis of undetermined origin. The 
presumptive preoperative diagnoses included acute appendicitis, strangulated 
hernia, perforated ulcer, ectopic pregnancy, perforating diverticulitis, and 
perforating carcinoma. 

In the management of the patient with an acute surgical abdomen in which 
a perforating lesion of the colon is suspected, in addition to routine laboratory 
studies, a liberal amount of blood should be cross-mateched and available, and 
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the system well flooded with antibiotics prior to exploration. Careful examina- 
tion of the abdomen and the pelvis under anesthesia will help in the proper 
placing of the incision. 

Once the abdomen is entered, a decision must be made for resection, diversion 
of the feeal stream, or simple drainage of the area involved. Provided the pa- 
tient is well supported, the local findings will largely determine the procedure. 

If the perforation is minimal without a mass (as seen frequently with 
diverticulitis of the ascending colon), the abdomen may well be closed. The 
lesion will respond to antibioties. 

At the other extreme, if there is gross fecal soiling with thick pus in the 
peritoneal cavity, and particularly if the proximal bowel is packed with hard 
feces, a diverting colostomy in addition to drainage is usually mandatory. 

If there is an inflammatory mass whose true origin is not certain, if the 
exudate in the peritoneum is floceulent, and if the entire mass is well localized 
to a reasonably short segment of bowel (up to 4 inches), then resection should 
be carried out. If the mass is in the right colon, resection can be accomplished 
and continuity readily established between the normal ileum and normal trans- 
verse colon. If the mass is in the sigmoid, some difficulty is usually encountered 
at the beginning of freeing the bowel because of the size of the mass, but once 
the retroperitoneal plane is reached, mobilization is accomplished with surpris- 
ing ease. The vessels are ligated above and below the inflammatory mass in 
relatively normal mesentery. Adequate resection is quite readily accomplished. 
I have found the distal segment usually much too short for safe exteriorization. 
Consequently, end-to-end anastomosis is established from descending colon to 
upper rectum (in a ease of diverticulitis). 

After the specimen is removed, if there be any question about the ade- 
quacy of resection in case the lesion proves to be carcinoma, opening the bowel 
at the site of the lesion reveals the true gross pathology. If necessary, the 
limits of the resection may then be extended. 

If the bowel which is sutured is empty of fecal content, free of edema, and 
if the distal segment is well above the peritoneal reflection, proximal colostomy 
is unnecessary. If there is any question concerning the integrity of the anas- 
tomosis and particularly if the lower segment is near or below the peritoneal 
reflection, a proximal complementary transverse colostomy is a wise precaution. 
Personally I do not believe cecostomy prevents leakage of anastomoses. If leak- 
age should occur, colostomy prevents the serious complication of protracted fistula 
and sepsis. 

In Table I we have summarized our treatment and results in 21 eases of 
perforation of the colon. 

The record of colostomy in this small series of early perforations is not good. 
When the lesion was carcinoma it was particularly bad. One patient following 
colostomy developed a fistula into the small intestine and with this complication 
died before attempt at resection could be made. The other developed a small- 
bowel obstruction from adherent small intestine at the site of perforation of 
the colon. He survived emergeney resection of the colon at the time of his 
obstruction. 
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When the perforation was due to inflammation, colostomy was more effee- 
tive. There was one death among 7 such eases, this in a patient with a three-day- 
old perforation who on entry presented with traumatic perforation of the lower 
sigmoid with about 1 pint of liquid feces in the pelvic cavity. One patient 
thought to be suffering from diverticulitis at operation following colostomy did 
very poorly—never recovered sufficiently to justify resection. It is entirely 
possible that this patient was suffering from carcinoma rather than from divertic- 
ulitis. 

Colostomy was definitely lifesaving in one patient with diverticulitis of 
the left colon which had resulted in a huge subphrenic abscess, empyema, lung 
abscess, and feeal fistula to the left lower lobe bronchus. 

Comment.—In dealing with perforating lesions of the right side of the 
colon the problem is not difficult. Usually a large inflammatory or carcinomatous 
mass responds very well to resection and primary anastomosis. Once the right 
colon is excised, one has normal ileum to unite with normal transverse colon. 
If the inflammation is minimal without mass, then conservative management 
with antibioties is in order. If gross fecal soiling has occurred, resection with 
exteriorization of terminal ileum and transverse colon may be safer than anas- 
tomosis. 

When one encounters an early perforation of a mass in the sigmoid or 
descending colon, I believe resection should be carried out for the following 
reasons: 

1. When one believes a lesion is diverticulitis, it will be proved to be 
carcinoma in at least 15 per cent of cases. 

2. If the lesion is diverticulitis, there is at least a 2 to 1 chance that this 
area will subsequently require resection if it is treated primarily by colostomy 
or medical means ( Pemberton’ ). 

3. With modern antibiotics, transfusion support, and good anesthesia, re- 
section of these early perforating lesions can be carried out with low morbidity, 
low mortality, short hospital stay, and good end results. 

Objection has been raised against resection of a perforating lesion because 
of fear of contamination, of failure of anastomoses to heal, and because of the 
tendeney to compromise the adequacy of resection in emergency situations. 
There has been no problem in our cases with leakage of anastomoses. In the 
cases with carcinomas, adequate resections were carried out. There has been 
a bit more difficulty in beginning the mobilization of the bowel in a ease of 
acute perforating diverticulitis than in the elective case, but once the retro- 
peritoneal plane is reached it is surprising how easily the entire segment lifts 
out. Onee-the bowel and mesentery have been freed above and below the in- 
flammatory mass, the vessels are quite readily visualized and accurately ligated. 
In a ease of diverticulitis of forty-eight to seventy-two hours’ duration, the 
bowel wall of the rectum below and descending colon above has been surprisingly 
free of edema and empty of fecal content. 
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SUMMARY 

We have reviewed our experience in the treatment of 41 emergencies in- 
volving obstructing and perforating lesions of the colon. With the basic premise 
that the primary lesion should be removed when the lesion itself constitutes a 
threat to the life and future health of the patient, we believe that a reasonable 
proportion of these lesions can safely be removed at the time of emergency 
exploration. 

We believe colostomy should be reserved for: 


(1) Late obstructions of the left colon. 

(2) Traumatic perforations of the colon. 

(3) Late perforations with abscesses or fistulas. 

We believe that resection should be carried out whenever: 


(1) There is an early perforation of an inflammatory mass whose true ori- 
gin is uncertain, whether it be carcinoma or pure inflammation. 

(2) There is early obstruction so that the proximal bowel returns nearly 
to normal upon aspiration with a trocar. 

(3) The entire obstructed segment including the carcinoma ean be readily 
removed, allowing anastomosis of loops of normal intestine. 

(4) Unless the patient be nearly moribund, whenever obstruction has pro- 
gressed to the point of imminent or actual cecal perforation. In these cases a 
subtotal colectomy will usually be necessary. 


Using the criteria formulated, resection was carried out for 16 eases of 
early perforating and obstructing lesions of the colon without mortality. Twenty- 
five patients were submitted to other procedures. There were 6 deaths in this 


latter group. 
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MEGACOLON, WITH PARTICULAR REFERENCE TO 
HIRSCHSPRUNG’S DISEASE 


C. MARSHALL LEE, Jr., M.D., CINCINNATI, OHIO 


(From the Department of Surgery of the College of Medicine, University of Cincinnati, and 
the Surgical Service of the Cincinnati Children’s Hospital) 


URING the past six or eight years much has been written on the subject 

of megacolon. This previously unexplained condition, hitherto usually 
characterized by the term ‘‘idiopathic,’’ is now quite well understood, al- 
though there are some features of certain eases that are still obscure. Various 
classifications have been proposed for megacolon as a disease, none of whieh 
is entirely satisfactory. Much of the confusion can be avoided if it is reeog- 
nized that megacolon is not a disease entity at all and is no more than a symp- 
tom. The dilated, elongated, hypertrophied, and frequently ulcerated large 
bowel, to which the descriptive term ‘‘megacolon’’ is applied, represents the 
physiologic response to incomplete mechanical obstruction. This obstruction 
may result from a number of different and unrelated causes. These include: 


1. Chronie feeal impaction, with or without associated anal fissure 
and sphincter spasm, and very frequently with a psychogenic back- 
ground. 

2. Organie anal or rectal strictures, most often associated with con- 
genital anorectal anomalies. 

3. Tumors, intrinsic or extrinsic, benign or malignant, of the anus and 
rectum. 

4. Primary congenital elongation of the colon (dolichocolon of Marti- 
notti) with excessive water absorption and chronie constipation. 
This is a relatively rare phenomenon, if it occurs at all. My own 
experience includes only three probable cases which have not been 
unequivocally proved to fall into this category. 

5. Achalasia of a terminal segment of the large bowel, of variable 
length, due to absence or marked deficiency of the parasympathetic 
ganglia in Auerbach’s and Meissner’s plexuses. 

It is with the last condition, to which the term ‘‘congenital megacolon’”’ 
or ‘‘true Hirschsprung’s disease’’ seems appropriate, that the present dis- 
cussion is primarily concerned. The demonstrable etiology and pathology are 
consistent enough to justify acceptance of ‘‘congenital megacolon’’ as a dis- 
ease entity even though actual clinical megacolon may be lacking in some 
cases, and the clinical and radiologic manifestations may be highly variable. 
Whenever megacolon is discussed, special attention should be called to the 
fact that no two eases are exactly alike, regardless of the cause, and that diag- 
nosis and treatment must be individualized. A selection of the many recent 
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contributions on the subject is included in the attached references, but to avoid 
repetition and to save space, no attempt will be made to recapitulate or sum- 
marize them in the present text. 

The considerations which follow are based on personal experience with 
forty-three cases of megacolon of various types and on additional cases at- 
tended by associates and colleagues, whose records have been made available. 
In recent years, in this clinic, children with functional megacolon secondary 
to chronic fecal impaction have been treated by their family pediatrician, 
without surgical referral, since operation is never necessary, and only oc- 
casionally is an anesthetic required for the initial steps in the removal of a 
large and recalcitrant fecal impaction. Children with megacolon secondary 
to stricture or tumor present primarily a surgical problem, but an integrated 
medical regime is extremely important. A detailed account of the manage- 
ment of this group of cases merits an entirely separate review. It is mentioned 
in passing, only to reiterate the importance of accurate differential diagnosis. 


CONGENITAL MEGACOLON (HIRSCHSPRUNG’S DISEASE) 


This disease is commonly characterized by symptoms of acute intestinal 
obstruction within one or two days of birth, because a terminal segment of 
bowel, of variable length, is deficient in parasympathetic ganglia. Although 
normal to gross inspection, the affected segment is incapable of conducting an 
orderly pattern of propulsive peristaltic waves and responds to sympathetic 
stimulation by a state of mass contraction or nonrelaxation, for which the 
term ‘‘achalasia’’ is etymologically correct. This produces a functional ob- 
struction, with dilatation and hypertrophy of the normally innervated bowel 
proximal to the achalasie segment. The severity of the clinical and pathologic 
manifestations varies with the length of the achalasiec segment, with its loca- 
tion, and with the duration of the disease. 

In rare instances the ganglion deficiency is central and segmental, with 
normally innervated bowel both proximal and distal to the aganglionic seg- 
ment. One case of this type occurred in the present series. This infant was 
operated upon on his fourth day of life and a 30 em. segment of ileum was re- 
sected, with primary anastomosis. He died twenty-four hours after operation, 
of unrelated causes. At autopsy the anastomosis was in good order and the 
bowel both above and below it contained parasympathetic ganglia which were 
normal in number, distribution, and appearance. The central 20 em. of the 
resected segment showed a marked deficiency of ganglia in both Auerbach’s 
and Meissner’s plexuses. When the ganglion deficiency involves small bowel 
there is, of course, no megacolon, though the obstruction (if a significant seg- 
ment of small bowel is affected) is, if anything, more severe than when only 
the distal colon is affected. 

Another, and fortunately unusual, manifestation occurs when the ganglion 
deficiency affects the entire large bowel and rectum, and sometimes the small 
bowel as well, in continuity. Case 9 of Zuelzer and Wilson’s’* series and one 
case in the series reported by Bodian, Carter, and Ward? displayed this ex- 
tensive involvement, and both patients died without surgical correction. Two 
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such cases have occurred among the patients seen in this clinic, both of whom 
died and came to autopsy within three days of birth, without operation. In 
one of these the parasympathetic ganglia were absent throughout the large 
bowel. In the other only the stomach contained parasympathetic ganglion 
cells, and they were absent throughout the small and the large bowel. In such 
cases there is also no clinical megacolon. Bodian and associates stated that the 
‘‘long segment’’ variety comprise less than 10 per cent of the reported cases 
and that the mortality in this group is exceedingly high. 

Surgical interest is centered in the 90 per cent of cases in which the length 
of the achalasic segment permits survival of the patient for long enough, and 
in good enough condition, to permit accurate diagnosis and successful surgical 
correction. Occasional patients are seen in whom the ganglion deficiency af- 
feets only the most distal 3 to 4 em. of the rectum, and while the clinical course 
in such eases is less fulminating, a megarectum ultimately develops, which 
may be difficult to distinguish from functional megacolon and megarectum. 

Diagnosis of Congenital Megacolon.—The preoperative diagnosis of con- 
genital megacolon can usually be made with considerable conviction in the 
neonatal period on the basis of the following points: 


1. Onset of symptoms of severe low intestinal obstruction, with marked 
abdominal distention, during the first few days of life. 

2. Relief of symptoms by frequent high enemas and prompt recur- 
rence when enemas are omitted.* When the achalasie segment ex- 
tends so high in the left colon that a tube cannot be passed beyond 
it, enemas may be ineffective, but the radiologic findings will then 
confirm the diagnosis. 

3. Sometimes the gas pattern alone, in a plain film, will make the di- 
agnosis (Fig. 1, B), but even when it does, confirmation by barium 
enema should be sought. The pattern of a normal, or slightly nar- 
rowed, terminal large bowel and rectum with moderately or mark- 
edly dilated bowel above it is characteristic of all but the megaree- 
tum group. In this latter group the abnormal segment is so short 
that the symptoms are not acute, and the diagnosis may not be pos- 
sible until the hypertrophy and dilatation have become quite pro- 
nouneed. The distinetion from functional megacolon or megaree- 
tum will then depend on the early onset of symptoms, unusual in 
functional megacolon. Hiatt’ has encountered aganglionic mega- 
rectum a number of times as a complicating factor in anorectal 
anomalies, the diagnosis then depending upon biopsy. In the pres- 
ent series such a situation has occurred only once and was not 
proved by biopsy. The pull-through operation was performed with 
permanently (five years) beneficial results, but biopsy was not done 
on the lowermost 3 em. of bowel. This patient was also the only 





*The matter of recurrent acute symptoms when enemas are withheld is extremely im- 
portant. Once in the present series a colostomy was performed on an infant with a typical 
radiologic pattern, whose symptoms and findings were subsequently proved to be due to a 
“meconium plug’ which had been dislodged by the first enema. 
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one in the series with associated megaloureter.’7 The dilatation of 
the ureters subsided after operation, suggesting that it was due to 
pressure from the fecal mass rather than intrinsie ganglion de- 
ficiency. 





D. 


Fig. 1.—Roentgenograms and photographs of an infant 5 days old with congenital 
megacolon. 

A, Plain lateral projection showing the extreme dilatation of the colon and severity of 
the distention. 

B, Plain anteroposterior projection in which the achalasic segment is clearly seen, out- 
lined only by swallowed air and intestinal gas. Note that elongation of the dilated bowel 
above the achalasic segment is so pronounced that the sigmoid lies on the right side. Although 
the diagnosis can sometimes be made from plain films, confirmatory barium study should 
always be done. 

C, Photograph of infant, aged 7 
resection and anastomosis. 

D, Photograph of same infant at 6 months of age. His growth, development, and 
bowel function are normal. 


days, twenty-four hours after a modified Swenson-Hiatt 
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In older children and in the oceasionally surviving young adult, the diag- 
nosis is easily made because the megacolon is so well developed that the radio- 
logie pattern is unmistakable. This, coupled with the typical history of symp- 
toms from the first few days of life and recurrent episodes of critical acute 
obstruction, is characteristic. Many of these older patients, with long-standing 
disease, are malnourished and retarded in growth and development. The 
grossly protuberant abdomen, flared rib cage, and palpable fecal masses, as- 
sociated for so many years with Hirschsprung’s disease, are by no means 
pathognomonic of congenital megacolon, and may be just as prominent in 
megacolon from other causes. 
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Fig. 2.—Detail of right upper abdominal quadrant in the roentgenogram of a 2-day-old 
infant with congenital megacolon. The tracing on the left delineates the clear evidence of 
pneumatosis intestinalis—a dissecting intramural emphysema of the bowel associated with 
ulceration and marked distention. The infant died on the third day of life and autopsy con- 
— the finding. There was extensive intramural emphysema and massive interstitial enter- 

Uleeration of the bowel, in which fecal impaction and erosion seem to play 
at least a part, is a common and often an early complicating factor. It is fre- 
quently present, even in very young infants, and one of the two postoperative 
deaths (the first has already been mentioned) in this series was due to a dis- 
secting intramural emphysema of the bowel—pneumatosis intestinalis—second- 
ary to ulceration and distention (Fig. 2). Preoperative free perforation of 
the colon has occurred twice in this series, although both of these patients 
survived. 

Hiatt®> has emphasized the danger of water intoxication when tap-water 
enemas are used in patients with massive dilatation and hypertrophy. In four 
consecutive patients attempts to reproduce his experimental results were un- 
‘suecessful in our hands,* but the response to tap water varies considerably,’ 
and there seems to be no doubt about its danger. It is a good rule, therefore, 
that normal saline or (in extreme cases) agar solution should always be used 
for enemas, and that tap water should be avoided in patients with severe mega- 
colon. 
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Management of Congenital Megacolon.—The severity of the symptoms var- 
ies directly with the length of the achalasic segment. When it is relatively 
short and decompression of the bowel is possible either spontaneously or by 
conservative therapeutic measures, the patient may tolerate the situation fairly 
well. In these circumstances, when the diagnosis has been made during the 
neonatal period, surgical intervention may be deferred and the infant may be 
treated with daily enemas and laxatives until the ideal age, which, in my 
opinion, is 8 to 12 months (Fig. 3), is reached. A one-stage operation can 
then be performed with greater ease and safety than at any other time. 

When the achalasic segment is more than 8 to 10 em. long, the symptoms 
are severe and decompression by enemas is difficult and ineffeetive. In such 
patients, when the diagnosis is made in the neonatal period, a left lower quad- 
rant colostomy, in the most distal portion of the dilated bowel, will prevent 
extensive dilatation, and hypertrophy, and dangerous episodes of acute ob- 
struction, and will permit elective definitive surgery at a more favorable time. 
In patients initially seen at a more advanced age when the megacolon is severe 
and extends high in the colon, preliminary colostomy will reduce the dispro- 
portion between the dilated bowel and the lower rectum, and permit: the 
preservation of more bowel, with less extensive resection, when the definitive 
procedure is performed. The interval between colostomy and definitive resec- 
tion will vary from a few weeks to several months, depending on the severity 
of the megacolon and the level to which the dilatation extends. It was my 
earlier practice to perform transverse colostomy in all such cases and close it 
as a third procedure after the para-anal anastomosis had healed. Swenson’s’® 
technique, of performing the colostomy in the distal dilated area and simply 
closing it and resecting it along with the achalasic segment at the second op- 
eration, is definitely better and I have employed it ever since his report ap- 
peared. 

A one-stage procedure is always to be preferred when the circumstances 
permit. I have performed it in an infant 6 days old with uncomplicated re- 
covery and good results (Fig. 1, C and D) when the achalasic segment was too 
long to permit delay, under conservative management, until the infant was older. 
This patient was exceptionally robust and strong. It was believed that he could 
tolerate the one-stage operation as well as do infants with Type III imperforate 
anus, who are submitted regularly, in this clinic, to combined abdominoperineal 
operation on the first or second day of life. However, if there is any question 
about the physical condition of the infant or the technical experience of the 
surgeon with this particular operation, a temporary colostomy is advisable. Aj- 
though as a general principle colostomy is poorly tolerated by very young in- 
fants, and is to be avoided when this ean sately be done, a left-sided colostomy is 


‘a satisfactory procedure and should be used as a preliminary step whenever 


‘ 


the risk of the definitive one-stage operation is too great. 


Operative: Technique.—The definitive operation for megacolon.is a formi- 
dable and potentially hazardous one. When properly performed it is gratify- 
ingly effective and the long-term result is excellent (Fig. 4). The surgeon, no 
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matter how experienced he may be, who plans to perform it for the first time 
is urged to practice it in the animal laboratory first, if such a facility is avail- 
able. Even then, a seemingly well-executed operation is subject to distressing 


Fig. 3.—In this child, the diagnosis of congenital megacolon was made at birth. It was 
possible to treat her by means of saline enemas until she was 8 months of age, at which 
time elective one-stage resection was performed. 

A, Preoperative barium enema, showing the achalasic terminal segment and the mega- 
colon proximal to it. 

B, Barium enema one month after operation. 

C, Photograph of the patient, aged 8 months, taken when the sutures were removed. 

D, Photograph of the patient at age 15 months, seven months after operation. She 
is asymptomatic, has regular, normal bowel movements, without enemas or cathartics, and 
is growing and developing normally. 


complications. Suggestions toward preventing some of these complications will 
be offered in the following account of the procedure as it is currently performed 
in this elinie. 
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In the first eight cases of the present series, Swenson’s'*-?° classical tech- 
nique, which opened the way to the modern management of the disease, was 
meticulously followed, and was effective and generally satisfactory. Hiatt’s® 
modification of Swenson’s operation offers the considerable advantage of avoid- 


Fig. 4.—Photograph of one of the first patients in the present series, who has now 
remained in good health for five years. The photograph was taken four years after oper- 
ation. This patient was referred to in detail in an earlier publication (Case 2%). 
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ing transection of the bowel within the abdomen, and saves a good deal of time 
and effort. For the last three years, with only minor changes, Hiatt’s operation 
has been employed in all cases in the present series. 

Preoperative preparation consists of thorough cleansing of the bowel 
(through the colostomy if one is present) with saline enemas (vide supra). 
Special care must be taken to remove any barium residual from contrast studies. 
Sulfasuxidine (250 to 300 mg. per kilogram every twenty-four hours) is given 
by mouth for four days prior to operation and streptomycin (40 mg. per kilo- 
gram every twenty-four hours) for twenty-four hours before, and four to six 
days after, operation.* General anesthesia is always employed. Intravenous 
whole blood and 5 per cent glucose in water are administered continuously, as 
needed, throughout the operation. A vein in the right arm is preferred, since it 
interferes the least with access to the operative fields. 

The patient is placed on the table in a modified lithotomy position, which 
makes it possible to drape both the abdomen and perineum simultaneously, with 
a protecting ‘‘curtain’’ towel between the two fields. For infants and children 
up to 2 or 3 years of age a specially constructed table’: is employed. This 
facilitates the procedure considerably, but is not an essential, and various im- 
provised methods can be used-to maintain the patient in proper position. <A 
sterile indwelling catheter is always inserted to keep the bladder out of the way 
during the pelvic dissection and to identify the prostate gland and prostatic 
urethra in males. 

A left paramedian rectus incision is employed and must be of generous 
length. Hiatt prefers an oblique lower abdominal approach, but in my hands 
the vertical approach has seemed more adaptable when extensive mobilization 
of the colon (sometimes including the splenic flexure) is necessary. Wound 
disruption has not occurred in any ease in this series. 

With the head of the table lowered moderately, the dilated descending colon 
is delivered, and the small bowel packed away from the field. The pelvie peri- 
toneal reflection is incised as close to the bowel as possible and the incision ex- 
tended completely around it (Fig. 5, A). The dissection employed to mobilize 
the rectum is conducted as close to the fascia propria as possible, to avoid in- 
jury to the presacral and pelvie autonomic nerve plexuses. The fact that no 
disturbanee of bladder or sphincter control (or impotence in older male pa- 
tients) has occurred in any ease in this series is attributed to close attention to 
this important detail of the operation. Care must be taken, of course, to identify 
and avoid injury to the ureters. The pelvie dissection is performed almost en- 
tirely with a pair of long-handled, short-bladed, curved, blunt-tipped scissors of 
the modified Metzenbaum type. Blunt dissection with the finger or with a 
Kiitner dissector is cautiously used, but care must be taken not to tear the wall 
of the rectum. The dissection must extend well past the middle hemorrhoidal 
vessels (which may or may not require ligation), to the point where the inser- 
tions of the levator ani muscles merge with the anal sphincter (Fig. 5, B). 


*More recently, tetracycline hydrochloride, 20 to 30 mg. per kilogram every twenty-four 
hours, has replaced streptomycin. 





— 
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Palpable contact between the finger of an assistant, inserted in the anus, and 
the finger of the operator against the perineal body serves to determine when the 
dissection has extended low enough. Special care must be exercised in the region 
of the prostatic urethra in males, and the presence of an indwelling catheter is 
very reassurin 
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Fig. 5.—Technique of operation. 


A, Incision around rectosigmoid at the peritoneal reflection, at the start of the trans- 
abdominal pelvic dissection. 


B, Dissection extended down to the attachments of the levator ani muscles. 
C and D, Maneuver to induce and extend a prolapse of the unopened bowel. 
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The proximal level at which the bowel is to be transected is determined by 
the degree of megacolon present and the height to which it extends. Although 
precisely equal size is not necessary, or even possible, the caliber of the prox- 
imal segment should be as nearly compatible with that of the terminal rectum as 
the cireumstanees will permit. The proximal level of transection must, of course, 
be well above the upper limit of ganglion deficiency. The transition zone be- 
tween aganglionie and hypertrophic bowel is usually easy to identify by palpa- 
tion, even when actual dilatation is minimal, but if there is any question about it, 
biopsy and frozen section should be used. The specimen is taken down to mus- 
cularis mucosae, without opening the mucosa. Such sections are sometimes diffi- 
eult to interpret on frozen section, and unless parasympathetic ganglia are 
clearly seen, a generous margin should be allowed. 

When the proximal level of transection has been selected, it is carefully 
freed of pericolic fat over a distance of at least one inch, and marked with a 
suture. The intervening mesocolon is divided between clamps, all major ves- 
sels being ligated with transfixion sutures of 000 silk. 

The operator then leaves the abdominal field in charge of an assistant and 
moves to the perineal field. The anus is gently but widely dilated by digital 
manipulation. This is done to facilitate pulling through the large bowel, and 
to minimize sphincter spasm during the first two to three days after operation. 
A long clamp is then inserted through the anus and an inverted fold of mobilized 
sigmoid is grasped, aided by the manipulation of the assistant still in the ab- 
dominal field. With gentle traction a mechanically induced prolapse of the 
rectum is effected with surprising ease (Fig. 5, C and D). Once this has been 
brought about it can be extended at will until the proximal level and distal 
level of transection have been brought in apposition. This stage is established 
by making a transverse incision in the inverted lower rectum 2 to 3 em. (depend- 
ing on the age and size of the patient) from the mucocutaneous junction. The 
previously placed marking suture can be seen as it reaches this opening and a 
transverse incision is then made in the proximal bowel at this point. 

Construction of the anastomosis is started through these two incisions with- 
out completely dividing the bowel so that eversion of the distal stump ean be 
maintained by continuous traction (Fig. 6, 4). Chromie catgut, 00 or 000, is 
used in both layers of the anastomosis, for reasons which will be described in 
detail later. Using interrupted sutures the serosa of the sigmoid and the fascia 
propria and muscularis of the rectal stump are united with an inversion suture, 
making the knot turn outward when the ends are cut. The ends are initially 
left long, for continuous traction, and the two transverse incisions in the bowel 
wall are gradually extended cireumferentially in both directions, placing a few 
more sutures each time the incisions are extended. Care must be taken to keep 
the incisions at right angles to the long axis of the bowel to make the anastomo- 
sis evenly horizontal. By means of this progressively alternate suturing and 
cutting, the bowel is completely divided and the specimen removed, traction be- 
ing maintained by the long ends of the sutures. 
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Fig. 6.—Technique of operation (continued). 

A, After identifying the proximal level of resection through a small transverse incision, 
the proximal bowel is similarly opened and construction of the anastomosis is started without 
complete division of the bowel. 

B, In the subfigures A’ and B’ details of the layers and the method of suture placement 
are shown. Note that the seromuscular sutures are inversion sutures which turn the knot 
and cut ends away from the mucosa. The mucosal sutures are of the simple Lembert type. 
They are placed between the seromuscular sutures so that the two layers of sutures do not 
— in contact with each other. Both layers of sutures are chromic catgut, usually size 

00. 

In subfigure OC’ all of the sutures have been cut and the bowel has begun to retract. A 

gentle push with the finger may help in replacing it. In D’ the replacement is complete. 


See text for detailed description. 
C, Reconstruction of the pelvic floor. Silk sutures are employed here. 
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The mucosal suture layer, also interrupted, is now put in place, cutting the 
ends of the seromuscular sutures a few at a time, as the mucosa is being closed 
over them (Fig. 6, A). A special effort is made to stagger the mucosal and sero- 
muscular sutures so that they do not directly overlie or come in contact with 
each other. When the mucosal layer has been completed, the ends are cut and 
the bowel immediately retracts (sometimes a gentle push with the finger is 
needed) and the anastomosis is now in normal position in the pelvis. <A finger 
is gently inserted and the patency and integrity of the anastomosis are tested. 
No drains of any kind are used (Fig. 6, B). 

The operating team now changes gowns and gloves and, with a fresh set of 
instruments, returns to the abdominal field. The newly placed descending colon 
is tested for tension, and further mobilization from above can be provided, if 
necessary. 

The pelvie space is irrigated with saline solution and inspected for proper 
hemostasis. The peritoneal reflection is restored by suturing it around the 
newly placed bowel (Fig. 6, C) with interrupted silk sutures. 

The abdominal wound is then closed in layers. A continuous 000 chromic 
suture is used for the peritoneum and posterior sheath. When this has been 
closed the wound is thoroughly irrigated with sterile salt solution and inter- 
rupted silk sutures are used in all remaining layers. 

The details of the suturing technique, already touched upon briefly, are 
deserving of special comment, because it is my belief that herein lies one of the 
chief sources of complications. Both Swenson and Hiatt employ interrupted 
silk sutures for the seromuscular outer laver of sutures, and initially this was 
the practice here. Because of occasional eases in which a leak in the suture line 
occurred, with the development of a presacral abscess and subsequent fistula, 
Hiatt® advocated the use of a drain in the presacral space, introduced through a 
stab wound in the skin posterior to the anus. This will prevent a massive pelvic 
abscess, but does not prevent the development of a troublesome fistula if a leak 
oeceurs, and Hiatt’ no longer uses such a drain. 

It is my belief that the mechanism of most leaks in the suture line, with 
abseess or fistula, is as illustrated in Fig. 7. This anastomosis differs from all 
standard reconstructions of the bowel in that it is effected in a ‘‘wrong-side-out’”’ 
position, while prolapsed through the anus. If silk sutures are used in the outer 
layer, and placed in the conventional manner, the cut ends extend toward the 
mucosa rather than away from it (Fig. 7, A), as in standard anastomoses. When 
the prolapsed anastomosis is replaced in the normal ‘‘right-side-in’’ position, it is 
easy for the cut ends of a silk suture to extrude through a gap between the mu- 
eosal sutures (Fig. 7, B). The silk then acts as a capillary wick, carrying fecal 
contamination, and an intramural abseess develops around the silk, as a foreign 
body. A leak in the suture line almost inevitably follows. This can be avoided, 
first by using an inversion stitch in placing the seromuscular sutures, to turn 
the knot and eut ends away from the lumen of the bowel; and second, by using 
chromic catgut rather than silk, since it is noneapillary and absorbable. 
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If a leak does oceur, prompt action is required. In the absence of a drain 
a pelvic abscess is formed, and if either a perineal or an abdominal drain has 
been used, a fecal fistula develops. In either situation a completely defunction- 
alizing colostomy should be performed as promptly as possible. A tangential 
colostomy is useless, and should never be used. The ends of the bowel should be 
completely separated to avoid any spillage into the left colon. 
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Fig. 7.—Drawing to illustrate what is believed to be the usual sequence of events 
producing a leak in the suture line. 

A, In this particular anastomosis the suture layers are placed in a reverse order as 
compared with standard bowel anastomoses. If ordinary silk Lembert sutures are employed 
in the seromuscular layer (which is introduced first), a knot and/or the cut ends may pro- 
trude into the bowel lumen between the mucosal sutures. This may not be immediately 
evident when the mucosal suture has been completed. 

B, When the anastomosis is replaced in the pelvis, the protrusion of the silk into the 
bowel lumen can occur. The result is an intramural abscess, around silk as a foreign body, 
and a “blow out” is almost sure to follow. 

It is believed that this accident can be avoided by employing the technique described 
in the text. 


If the leak is a small one, continuity can be restored in about six months 
after careful proctoscopic examination has assured complete healing. The larger 
the leak, the greater the likelihood of stricture. Such strictures require frequent 
dilatation and prolonged postoperative outpatient care. In two instances they 
have been severe enough to invalidate the operation completely and require per- 
manent colostomy. 

Thus the development of a leak in the suture line may be a major catastrophe 
and great care must be exercised to prevent it. It is believed that the suturing 
technique described contributes substantially toward reducing the risk. Three 
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very unhappy experiences, in two of which drainage had been used, led to the 
recognition and correction of this defect, in the technique employed here. Since 
then, no drains have been used and no leaks have occurred. 

Postoperative Course.—It is usual for the patient’s bowels to move spon- 
taneously by the second or third postoperative day. Postoperative gastric suc- 
tion is then discontinued and the indwelling catheter is removed. Young chil- 
dren frequently void around the catheter within twenty-four hours or less, in 
which event the catheter is immediately removed. Postoperative paralytic ileus 
has not been a problem, and a liquid diet is given as soon as gastric suction is 
discontinued, and the patient is taking an unrestricted diet by the fifth or sixth 
day. No attempt is made to restrict activity. Ambulation is permitted when- 
ever the patient wishes, and he is usually ready for discharge by the twelfth to 
the fourteenth day. 

For several weeks or months the stools may be soft or semiliquid, and more 
frequent than normal. The severity of this sequel varies with the amount of 
water-absorbing left colon that has been removed. It is troublesome only to the 
extent that mild to moderate excoriation of the perianal skin and buttocks is 
sometimes seen. This responds to any measures directed toward keeping the 
skin dry and clean. Functional adaptation of the colon, with normal water ab- 
sorption, formed stools, and normal fecal continence, ean be confidently ex- 
pected. 

The results from this operation are consistently gratifying, if the prevent- 
able complications that have been discussed are avoided. The first four patients 
in the present series have now passed the five-year mark since operation. All 
have continued to have normal, unassisted bowel movements, and are growing 
and developing as healthy children. Of four patients who developed leaks in 
their suture lines, two have permanent colostomies and two have normal bowel 
function but require periodic dilatation of strictures. All others, although fol- 
lowed for less than five vears, have remained well to date. 


SUMMARY 


The pathogenesis and elinical manifestations of the major types of mega- 
colon have been briefly reviewed. Special attention has been directed toward 
the management of congenital megacolon (true Hirschsprung’s disease), and 
the operative technique, as employed in this clinic, has been described in de- 
tail. The technique of constructing the anastomosis, especially in connection 
with the placement of sutures, is emphasized. It is believed that the method 
deseribed contributes substantially toward preventing leaks at the level of the 
anastomosis and the serious complications that may result therefrom. 
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INTESTINAL OBSTRUCTIONS DUE TO PRIMARY NEOPLASTIC 
STRICTURES OF THE BOWEL 
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(From the Department of Surgery, University of Minnesota Medical School) 


pene obstruction due to primary neoplastic stricture is a common 
clinical problem. In fact, it is second only to adhesions as the most frequent 
cause of obstruction. Furthermore, this common obstruction has been at- 
tended by a high mortality rate in the past. The major factor contributing 
to death has been the frequent occurrence of cancerous obstruction of the 
thin-walled, bacteria-laden colon, which offers a special problem in management. 
In addition, the cancer must be resected at an early date to offer the patient 
a chance for prolonged survival. During the time period of this study these 


ee 
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problems were managed as suggested by Wangensteen and associates.’ 
With the exception of those tumors associated with severe distention of most 
of the colon where transverse colostomy was suggested as the treatment of 
choice, they recommended primary resection of all obstructing tumors. 

The purpose of this report is to review the experience at this clinic in the 
management of 208 patients with primary cancerous obstructions seen between 
Jan. 1, 1942, and Sept. 1, 1953. 


CLINICAL RESULTS 


Neoplastic strictures accounted for 16.6 per cent of the 1,252 mechanical 
intestinal obstructions seen during this time period and were the most com- 
mon eause of colic obstruction. If congenital obstructions are excluded, 41.7 
per cent of colic occlusions were due to primary cancerous strictures. On the 
other hand, primary neoplasms of the small bowel were uncommon, and only 
four patients with intestinal obstruction due to this cause were seen. In this 
series obstructions caused by colic cancer were more common than obstrue- 
tions due to small bowel cancer in a ratio of 51 to 1. 

Regional Distribution—The incidence of obstruction as related to the 
regional distribution of intestinal neoplasms is given in Table I. Colie ob- 
struction, as would be expected, was more frequent among cancers at the 
flexures and in the sigmoid, where angulation abetted the occurrence of oe- 
clusion. Also, the relatively small diameter of the sigmoid as well as its dis- 
tal position in the large bowel probably accounted for the high incidence of 
obstruction associated with tumors in this location. In ceeal cancers too, 
there was an attendant high incidence of obstruction since these cancers were 
recognized late when the tumors were large enough to occlude the bowel. 

Received for publication Dec. 1, 1954. 
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TABLE I. INCIDENCE OF OBSTRUCTION DuE TO PRIMARY NEOPLASTIC STRICTURE OF THE BOWEL 








NO. OF SEGMENT DISTENDED |peERFORATION | MORTALITY 
LOCATION OF NEO- NO. OF PER CENT NO. OF DATA 
OBSTRUCTION PLASMS |OBSTRUCTIONS | L* |LANDS| gs | PATIENTS (DEATHS) 











Malignant strictures 
of small bowel: 
Small bowel totalt 26 4 (15.4%) 0 ( 0.0%) 0 ( 0.0%) 


Malignant strictures 
of large bowel: 

Cecumt 142 31 (21.8%) 
Ascending colon 37 5 (13.5%) 
Hepatic flexure 28 9 (32.2%) 
Transverse colon 46 9 (19.6%) 
Splenic flexure 26 2 (46.2%) 
Descending colon 39 (19.0%) 
Sigmoid 234 (34.3%) 
Rectum 540 50 ( 9.3%) 
Total 1,092 204 (18.7%) 
Patients] 1,072 204 (19.0%) 
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*L—large bowel; S—small bowel. 


7Three additional patients with benign tumors had intussusception. The strictures were 
secondary to malignancies of the duodenum—2, jejunum—1, and ileum—1. 


¢Two additional patients had intussesception secondary to cecal cancer. 


§Mortality rate in 195 patients (7 deaths not related to obstruction, 5 patients mortibound 
on arrival, and 1 untreated patient are excluded). 


||Ten patients had 20 tumors. 


Although 98.1 per cent of the obstructing cancers were situated in the 
colon, intestinal distention was of the small bowel alone in 15 per cent of 
these patients, the reason being that thirty-one cecal cancers obstructed the 
terminal ileum. In the remaining patients both the small bowel and colon 
were distended in 34 per cent of the cases, while approximately one-half 
showed x-ray evidence of a closed-loop obstruction with large bowel disten- 
tion only. Actually, if only patients with colic distention are considered, a 
closed-loop obstruction occurred approximately 60 per cent of the time. A 
finding that stressed the importance of these closed-loop obstructions oc- 
casioned by a competent ileocecal valve was the high incidence of perforation 
among malignancies of the ascending colon. 


Mortality Data.—There were thirty deaths in the entire group. However, 
the causes of death were widely varied, and many were not related to the 
surgical management of the obstructions. In an attempt to determine the 
results of surgical treatment the causes of death were divided into two 
groups (Table Il). Excluding the twelve patients whose death was not 
related to the surgical management of obstruction and one patient who re- 
fused surgical treatment after the obstruction spontaneously relented, the 
mortality rate in 195 treated patients was 9.5 per cent (Table I). 

Although perforations occurred in only 4.4 per cent of the patients, this 
complication accounted for 23.3 per cent of all deaths (Table III). In 
general, if the resultant peritonitis remained localized, the patients survived, 
while generalized peritonitis was usually fatal. In fact, only one patient 
with diffuse peritonitis survived, 
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TABLE II. THE RELATIONSHIP BETWEEN THE CAUSES OF DEATH AND THE HOSPITAL 


MANAGEMENT OF OBSTRUCTION 





DEATHS RELATABLE TO THE MANAGEMENT DEATHS NOT RELATABLE TO THE MANAGE- 

















OF OBSTRUCTION MENT OF OBSTRUCTION 
Peritonitis 10 Untreated group 5 
Postoperative peritonitis Moribund on arrival 4 
without preoperative 
peritonitis 5 Coronary thrombosis ] 
Resection in the face Treated group* 7 
of severe distention 2 
Peritonitis on arrival 2 Coronary thrombosis 3 
Ineffective control of Empyema of the gall 
distention (cath. en- bladder with perforation 1] 
terostomy ) 1 
Pulmonary embolus 6 Renal uremia l 
Cardiac failure ] Carcinomatosis l 
Electrolyte problem ] Diabetes l 
Total 18 ; 12 








*The obstruction was successfully treated and death was due to another disease in each 
patient. 


TABLE III. Conic PERFORATIONS SECONDARY TO NEOPLASTIC OBSTRUCTION OF THE LARGE 


BOWEL (NINE PATIENTS ) 

















LOCATION OF | SITE OF PER- FATE*||: DEATH 
CANCER THERAPY | FINDINGS | FORATION |(D) OR SURVIVAL (S) 
Sigmoid Colostomy 1. Peritonitis on ar- Sigmoid D, peritonitis 

rival (general- 
ized ) 

Colostomy 2. Generalized peri- Sigmoid D, peritonitis 
tonitis 

Bowel resected 3. Local peritonitis Cecum S, died later of 


empyema of gall 
bladder with rup- 


ture t 
Colostomy 4. Local peritonitis Sigmoid S 
No surgery 5. Generalized peri- Cecum D, peritonitis 
tonitis, moribund 
on arrival 
Ascending colon Lleostomy 1. Generalized peri- Hepatic D, carcinomatosis§ 
tonitis flexure 
Resection with 2. Generalized peri- Cecum S 
eath. enteros- tonitis 
tomy 
Transverse colon No surgery 1. Generalized peri- Transverse D, peritonitis 
tonitis, moribund colon 
on arrival 
Hepatic flexure Long-tube de- 1. Localized peri- Cecum Ss 
compression tonitis 
with primary 
resection 





*Total mortality rate was 66.6 per cent (6 deaths in 9 patients). 

+Recovered from obstruction; died later of perforation of gall bladder. 

tNo treatment. 

§$Died of carcinomatosis. 

||Corrected mortality (deleting 7, ¢t, $) is 50 per cent (3 deaths in 6 patients). 


As might be expected, there was a high mortality rate among aged pa- 
tients. Death in this group was usually due to one of two causes: Peri- 
tonitis and pulmonary embolus accounted for eleven of the thirteen deaths 
among patients over 61 years of age. In patients over 75 years of age the 
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mortality rate due to obstruction was 19.6 per cent (Table IV). Among these 
patients there were three deaths due to pulmonary embolus and, interestingly 
enough, all six deaths from this cause occurred in the group over 61 years of 
age. Five of these six patients were operated upon after a prolonged delay. 


TABLE IV. Morvrauity RATE AS RELATED TO AGE 








AGE IN YEARS | NO, OF PATIENTS* — | DEATHS 
21-40 8 1 (12.5%) 
41-60 53 4 ( 7.5%) 
61-80 135 13 (10.1%) 
75 and over 46 9 (19.6%) 


*Deaths not related to obstruction are excluded. 











Results of Management in Simple Obstructions——In an attempt to assess 
accurately the effects of management, it seemed logical to exclude the patients in 
whom death was not related to obstruction and those with perforation of the 
bowel. In the remaining, uncluttered group there were 189 patients in whom the 
results of management were considered (Fig. 1). These simple obstructions 
were associated with the relatively low mortality rate of 7.9 per cent. How- 
ever, despite all efforts to control the effects of distention, either before or 
after surgical intervention, primary resection showed a higher mortality 
rate than the more conservative procedures. <A small group of nine left colic 
strictures were submitted to primary resection in the face of severe disten- 
tion, and two of these patients died, a mortality rate of 22.2 per cent. In 
the remaining group of twenty-eight patients with similarly situated lesions 
in whom the distention was of a moderate-to-slight degree, primary resection 
of the bowel was accomplished with a mortality rate of only 3.6 per cent. 


In cecal obstruction, too, primary resection was associated with a high 
mortality rate, as cecal cancers causing obstruction of the small bowel ac- 
counted for four of the five deaths in forty-six patients with resection of the 
right colon. In each fatal cecal obstruction the small bowel was severely dis- 
tended. Three of these had been operated upon after a prolonged hospital 
delay. 

On the other hand, operative decompression by transverse colostomy 
alone was employed largely for the relief of distention initiated by left colic 
cancers, while enterostomy was infrequently used to control small bowel 
distention due to right colic cancers. There was a mortality rate of only 3.3 
per cent in patients with left-sided tumors treated by simple transverse 
colostomy. In comparison to the previously mentioned high mortality rate 
encountered in patients with primary resection in the face of severe dis- 
tention, there were sixty-five similar patients treated with transverse colos- 
tomy with a mortality rate of only 4.6 per cent. Among six patients in whom 
methods other than colostomy were used, cecostomy was adopted for the re- 
lief of distention in three patients, one of whom died. In the right colon or 
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Fig. 1.—Surgical treatment of simple obstruction. (Instances of perforation and deaths not 
relatable to obstruction are excluded. ) 























*Six patients not included were managed by methods other than colostomy. 
**Two patients had ileostomy and died. 
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small bowel all but two of the tumors were resected primarily. In these two 
patients, the treatment was delayed by late arrival at the hospital. Lleos- 
tomies were performed to decompress the small bowel in each and both died. 


In a final consideration of these simple obstructions, if the three patients 
in whom death was caused by the delayed treatment of cecal cancers and the 
two patients who had resections of the left colon in the face of severe dis- 
tention are excluded, the mortality rate would have been 4.4 per cent. 


COMMENTS 


During the past decade it was possible to resect primarily a greater num- 
ber of obstructed malignant strictures than prior to this time. This achieve- 
ment was accomplished safely in the early management of occlusions within 
the small bowel and the right colon. On the other hand, because of the grave 
prognosis associated with resection in patients with severe distention of the 
colon due to left-sided cancers, colostomy in the transverse colon as an emer- 
gency was found to be the treatment of choice. 

The simple abdominal film was most helpful as a guide to treatment in 
this group of obstructions. Upon finding severe distention of the colon, im- 
mediate operation was indicated since perforation, with its attending grave 
prognosis, could be avoided only by early operative relief of the distention. 
Also, the proper placement and type of incision for either primary resection 
of the right colon or a colostomy, if the obstruction is of the left colon, are 
directed by the findings upon x-ray examination. In patients with small 
bowel obstruction, a preoperative trial of suction should be limited to twelve 
hours when progress is not evident and a reduction in the degree of intestinal 
distention is not shown by a follow-up abdominal film taken at that time. 


The surgical techniques employed at this clinic have been previously de- 
scribed by Wangensteen,°* Dennis,? and Baronofsky.’ All resections should 
be performed only after adequate decompression of the bowel. Useful ad- 
junets in this regard have been the aseptic decompressive enterotomy and the 
passage of a stylet-guided catheter into the bowel at the time of exploration. 
On occasion, the manipulation of a rectal tube up through the obstruction 
from below effectively relieved the distention at operation. Among patients 
in whom the distention was relieved by transverse colostomy, the complete 
deviation of the fecal stream offered an opportunity for cleansing the bowel 
prior to resection. When primary resections are performed, the suggestion 
by Poth‘ to place 1 per cent neomycin into the bowel lumen prior to excision 
of the tumor could effectively reduce the bacterial concentration within the 
lower bowel. The closed, end-to-end anastomosis has been helpful in prevent- 
ing spillage into the peritoneal cavity, a danger not to be minimized in in- 
testinal obstruction. In addition to these protective measures, the placement 
of a vent proximal to the anastomosis has become a routine procedure to 
control the deleterious effects of postoperative ileus in these patients. <A 
long intestinal tube placed just proximal to the anastomosis or a cecostomy 
have proved to be effective agents in appropriate cases. 





SMITH, GOTT, CRISP, AND PERRY - Surgery 
May, 55 


SUMMARY 


A review of the management of 208 patients with obstructing neoplastic 
strictures of the bowel is reported. The mortality rate was highest in pa- 
tients beyond the age of 75 years and among patients in whom perforation 
with diffuse peritonitis had occurred. Recommendations for treatment are 
given. 
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THE DIETARY CONTROL OF THE POSTGASTRECTOMY 
‘““‘DUMPING SYNDROME?”’ 
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(From the Samuel C. Harvey Metabolic Unit, Department of Surgery, Yale University School 
of Medicine) 


OLLOWING gastric resection, approximately 11 per cent (reported in‘ 

different series of patients as 3 to 30 per cent'~’) of patients experience dis- _) 
tress after eating. In some patients, the symptoms occur during or soon after 
eating; in others, the distress occurs one or two hours after eating. The early 
discomfort is more common than the later, but both may occur in the same 
patient. The actual incidence of the postprandial discomfort is difficult to 
ascertain. In some patients, the symptoms are so mild that their presence 
has to be elicited by specifie questioning. Disabling symptoms are found in 
about 2.2 per cent of patients (ranging from 0.7 to 3.2 per ecent'’). It is 
generally-agreed that this complication is much less frequent after gastro-/ 
enterostomy, and presumably is related to the resection itself. Since the type 
of reconstitution of the gastroenterie continuity seems to be unrelated to the 
frequency of the syndrome’s occurrence,*’® the direct relationship appears 
to be closely associated with the segment of stomach removed. This con- 
tention seems to be borne out by studies on the physiology of gastric evacua- 
tion.'? It has been conclusively demonstrated that when the pyloric antrum 
and proximal duodenum are removed, delay in gastric emptying by the 
presence of fat is no longer observed. This is not true when a simple gastro- 
enterostomy is performed. . 

Equally as important clinically is the failure of partially gastrectomized 
patients to gain weight. Such a nutritional problem is met in a significant 
number of patients. Some patients who have difficulty in maintaining their 
weight suffer from complications, such as the ‘‘dumping syndrome”’ or recur- 
rence, but many of them are able to work and essentially are asymptomatic 
aside from the inability to gain weight. Following gastric resection, 40 to 50 
per cent of patients are unable to maintain their average preoperative 
weight.*** 12,15 Most of these patients are actually below their optimum 
weight. 

This report is concerned with discussing the ease with which both the 
‘“dumping syndrome’”’ and the ‘‘suboptimal weight’’ complex can be managed 
by proper supervision of total caloric intake and the source of these calories 
from protein, carbohydrate. and fat. A tremendous step forward in under- 
standing the nature of the severe symptomatic complex has been made," 
The oral administration of hypertonic glucose. saline solution, or protein 
hydrolysates to gastrectomized patien’.; produces an immediate increase in 

This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation. 
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jejunal motility as seen fluoroscopically or as measured with intraluminal 
balloons. Within ten minutes following the administration of such materials 
there occurs a progressive decrease in plasma volume and hemoconcentration 
which lasts about twenty to thirty minutes; this is followed by an increase in 
plasma volume and hemodilution which reaches a maximum in seventy to eighty 
minutes. The clinical symptomatology of the “dumping syndrome” is produced 
simultaneously in most eases. Since this clinical syndrome ean be reproduced 
readily in the symptomatic patients by the usual diet, it seems reasonable to 
postulate that the ordinary diet provides a mixture of food with readily 
hydrolyzable components which upon digestive hydrolysis produce a hyperos- 
molar mixture in the proximal small bowel. This is readily accomplished 
because, as noted previously, the restraint to rapid gastrie evacuation is miss- 
ing. The hyperosmolar mixture rapidly is rendered isotonic by the withdrawal 
of water from the circulating blood, producing an acute reduction in effective 
circulating blood volume and the concomitant symptoms of a vasomotor shock- 
like complex (tachycardia, palpitation, perspiration, dizziness, and nausea). 
A prominent, but not often discussed, symptom of this clinical entity is the 
diarrhea which frequently follows the ingestion of food. The sudden distention 
of the small bowel stimulates a peristaltic rush, which is mediated through the 
vagi and local intramural reflexes, explaining why atropine has been suggested 
to control the symptoms.® The increased transit*time may well aid in an 
explanation for the recorded fecal losses of nitrogen and fat in these patients.1* 

In some patients, the symptoms are so mild that their presence has to be 
elicited by specific questioning,? and if the definite symptomatology recog- 
nizable as the “dumping syndrome” was not forthcoming, the patient would have 
been classified into the group represented by those who fail to gain weight and 
who are basically asymptomatic. In other words, the patient who fails to regain 
to his preoperative weight or to maintain a satisfactory body weight level post- 
operatively is probably one who unconsciously restricts his caloric intake be- 
cause of a presumably unrecognized discomfort resulting from eating. In 
summary, nutritional deficits following gastric resection arise from the same 
etiological mechanisms but may range from severe symptomatology to an 
asymptomatic failure to gain weight. 


The clinical material presented in this study is composed of seven cases, all 
of males suffering from varying degrees of the “postgastrectomy nutritional 
deficit syndrome.” One patient, on whom data are presented in considerable 
detail, was the most symptomatic of the group, but his weight change has been 
omitted from Fig. 1. In Fig. 1, the patient showing a small weight loss after 
operation and still under observation was very symptomatic. The next two 
patients with increasing weight losses were completely asymptomatic except for 
inability to gain weight; nevertheless these two patients volunteered the in- 
formation that under treatment in the hospital the therapeutic diet was accepted 
with greater enjoyment and ease than ad libitum selection of foods, despite the 
fact that the corrective diet contained about twice the previous calorie intake 
and a large amount of fat. 
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It is evident from Fig. 1 that hospitalization is mandatory for the correc- 
tion of the nutritional deficit. This became evident from observing patients 
who were advised concerning the dietetic program on an ambulatory basis and 
failed to respond; when hospitalization was instituted, prompt improvement 
ensued. A simple explanation for this readily became apparent. The physi- 
cian and dietitian caring for such a patient soon realize that the diet sub- 
divisions into meals must be shifted to meet the idiosynerasies of the patient 
and the refeeding period of malnutrition recovery is really the critical 
period for such patients. During hospitalization a diet suitable to each in- 
dividual can be developed within the general framework of the therapeutic 
requirements; the patient will learn his diet; such a diet becomes a part of the 
patient’s pattern of living after discharge from the hospital. The prompt im- 
provement is continued after departure from hospital eare (Fig. 1). 


POST GASTRECTOMY 
"DUMPING SYNDROME" 


B.W. data for 6 patients 
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and diet adjustment. 
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Fig. 1.—Weight curves on the seven patients reported in this study. Note that the different 
types of weight lines indicate different periods in each patient’s management. 


DETAILED CASE STUDY 


During this part of the discussion constant reference should be made to 
Tables I and II. Observed rates of body weight change in grams were made by 
weighing the patient under basal conditions on a balance sensitive to 5 Gm.; 
calculated weight changes were made from calorie and metabolic balance data. 
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Caleulated basal caloric expenditures were determined from a nomogram 
with a correction made for age and based on the original Benedict formula for 
surface area.’® *° Observed basal calories were determined by the use of a 
Krogh spirometer. Calculated daily energy expenditure was obtained by 
multiplying the daily basal calories by a factor of two*!; the probable daily 
energy expenditure was similarly obtained by multiplying by two the measured 
basal calories for twenty-four hours. Caloric values for foods were those 
customarily accepted as four per gram for protein and carbohydrate and nine 
for fat. Urinary and fecal nitrogen was calculated as representing 26.51 calories 
per gram.”! Since no carbohydrate was lost in the urine or stool, 30 grams of 
body weight?” ** lost or gained was interpreted from 1 gram of nitrogen negative 
or positive balance. Calories in the calorie balance not accounted for by nitrogen 
balance were assumed to have originated from the metabolism of either endog- 
enous or exogenous fat. The patient was homeothermic throughout the periods 
of study. 

(Tables I and II.) The patient’s best weight was at age 43, ten years before the 
onset of uncontrollable peptic ulcer pain; at that time he weighed 77 kilograms with a 
surface area of 1.95 square meters and a basal energy expenditure of 1,778 calories per 
day. With a doubled expenditure due to activity it is estimated that his calorie production 
per day amounted to 3,556. He is assumed to have been in calorie and nitrogen balance 
since he was neither gaining nor losing weight. Although he developed intractable ulcer 
symptoms at age 53 years, he had lost no weight, but his basal calories amounted to 1,717 


per day now with a probable total daily energy expenditure of 3,435 calories. Ten days 
after a high subtotal Hofmeister-Billroth II gastric resection plus selective vagotomy he 


displayed the usual metabolic response to trauma with a weight loss to 75.25 kilograms 
and a total daily energy expenditure of 3,400 calories. At this time he displayed the 
typical findings characteristic of the “dumping syndrome.” A prominent feature of his 
symptomatology was a diarrhea of six to eight large bulky stools per day. 





TABLE II. PATIENT J. B. 








PROBABLE : 
eaneiane CALORIES OFFERED canenems tone 


EXPENDED CALORIES CONSUMED FECAL | FECAL | CALORIC 
PER DAY TOTAL | PROT. | CHO | FAT | TOTAL | URINE N N FAT | BALANCE 
3,294 2,190 320 700 1,170 458 291 95 72 -2,082 
1,670 260 600 810 

1,517 2,190 320 700 1,170 ‘ 108 -337 
1,566 252 585 729 

1,517 1,950 400 200 1,350 é 67 +181 
1,950 400 200 1,350 

1,928 3,160 600 400 2.160 27 81 +896 
3,100 600 340 2,160 





























Two months later the patient’s weight had decreased to 61.0 kilograms (from a pre- 
operative weight of 77.0 kilograms), a loss of 16 kilograms. He was hospitalized and care- 
fully followed on a metabolic balance program; a diet containing 2,190 calories, 80 Gm. 
of protein, 175 Gm. of carbohydrate, and 130 Gm. of fat was offered, but he was able 
to consume only an average of 1,670 calories. This program was followed for thirty days, 
and the values given in Tables I and II are daily averages for the entire period. During 
this observation period (#1) the patient, whose surface area was now only 1.76 square 
meters, had a calculated energy expenditure of 3,100 per day and a probable expenditure 
of 3,294 per day, leaving a negative caloric balance of 2,082 calories per day. With the 
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coexistent diarrhea, which resulted in a fecal loss of 95 calories from protein and 72 from 
fat, totaling 458 calories, and a urinary nitrogen loss equivalent to 291 calories, he was 
only 3.6 grams in negative nitrogen balance; the principal metabolic deficit was inadequate 
intake. From the data given in the two tables, it is calculated that the patient’s weight 
loss would be 329 grams per day; it actually was 285 grams per day. 

Table I demonstrates the progressive weight loss following the first period of ob- 
servation. It clearly demonstrated the rapidly diminishing rate of body weight loss. 

Two and one-half years after operation the patient again was admitted for observa- 
tion (Period #2). At this time his body weight was 46.9 kilograms and surface area 
was 1.56 square meters. His calculated basal and probable caloric expenditure rates were 
1,355 per day and 2,710 per day, respectively. The observed basal rate, however, was only 
759 calories per day, a decrease of 44 per cent below normal,24 not an unusual observation 
in prolonged starvation. Consistent with other observations, this patient was now in 
nitrogen balance although on essentially the same caloric and food type intake as during 
the first observation period. The negative caloric balance had been reduced from 2,082 to 
337 calories per day by physiologic adaptation to starvation. Calories lost in the feces 
were even greater than before since the patient’s diarrhea was, if anything, more severe. 
From metabolic and caloric balances it was calculated that the patient would lose about 
38 grams per day in body weight, whereas he actually lost only 1 gram per day. 

The third period of observation was composed of a fifteen-day interval immediately 
following the previous one. During these fifteen days the patient was changed to a diet 
of lower total caloric intake (1,950 instead of 2,190) and composed of protein 100 Gm., 
carbohydrate 50 Gm., and fat 150 Gm. No fluids were allowed with meals. With minor 
dietary adjustments rapidly made between patient, physician, and dietitian, the patient 
soon showed an average daily positive nitrogen balance of 9 grams and a positive caloric 
balance of 181 calories per day. These beneficial responses were noted despite the fact 
that the new diet offered contained fewer calories than the former one; the patient never- 
theless consumed all offered in contrast with the previous diet. It is most significant to 
point out that after three days on the new diet all signs and symptoms of the “dumping 
syndrome” were absent and the patient’s diarrhea had completely disappeared. The 
saleulated weight gain for this period was 270 grams per day, but the patient actually 
gained only 12 grams per day. 

The fourth period of observation followed directly with another fifteen-day period 
(#4) designed to feed a caloric intake of about one and one-half times the probable 
salories expended. At this time the patient weighed 47 kilograms with a surface area of 
1.56 square meters. The measured basal calories was 964, improved from the previous 
period but still below the calculated 1,355 per day. The probable energy expended per 
day was 1,926 (cf. calculated 2,710). The patient’s diet was 3,160 calories, 150 Gm. of 
protein, 80 Gm. of carbohydrate, and 240 Gm. of fat. The daily average consumption was 
3,100 calories, with a positive caloric balance of 896 per day and a positive nitrogen 
balanee of 7 grams per day. The calories lost on this regimen were not greatly different 
from those of the previous period except for an increase in fecal fat, but not above the 
percentage limits of normal. The patient remained completely asymptomatic throughout 
this period and to this date on ambulatory treatment. 

During the fourth observation period metabolic and caloric data predicted a weight 
gain of 210 grams per day; the patient showed a 197 gram per day increase. 


Follow-up data in Table I show that the patient continued to gain weight 
on this program but at levels of decreasing increments. The reason for this 
is that as weight is added, the surface area increases and geometric increases 
must be made in caloric excesses to maintain a constant rate of gain (Figs. 2 
and 3), and this patient had been continued on 3,600 to 4,000 calories per day. 

The other six patients were managed on the same dietary regimen with 
complete subsidence of symptoms and restoration to or toward preoperative 
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Number 


KILOGRAMS 
82 


SURFACE AREA =1.98 SQ. METERS 
BASAL CALORIES = 1956 


GAIN_IN WEIGHT 
FIRST YEAR == 2620 GRAMS 
SECOND YEAR = 1610 ” 
THIRD YEAR = 1000 ” 
FOURTH YEAR 490 
FIFTH YEAR = 3580 





SURFACE AREA= 1.91 M TENTH YEAR 10 
CALORIES = 1880 
75 
0 4 5 
YEARS 


Fig. 2.—Diminishing gain of weight with an initial excess of 80 calories daily. (Reprinted 
with permission.*!) 


= 2.70 
CALORIES= 2660 


RFACE AREA = 1.91 
80 CALORIES=1680 
7% 7 63 687 91 9 99 3 107 II "15 WS 123 i27 #13) 135 139 43 147 15) 
KILOGRAMS 


Fig. 3.—Increasing caloric requirement to maintain an excess of 80 calories daily. 
with permission.*') 


(Reprinted 
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weight levels (Fig. 1). Two patients of the seven who had displayed both 
the early (‘‘dumping’’) and the late (‘‘hypoglycemic’’*) symptoms were 
equally well controlled. The high protein and low carbohydrate content of the 
diet appears to be as adequate in the control of this induced hypoglycemia a 
it is in the management of functional hyperinsulinism.*° 


SUMMARY 


With the evidence that after a gastrectomy the inhibitory effect of a high 
fat-content diet on gastric evacuation is lost, it becomes apparent that a dis- 
advantage from the operation can be turned to the patient’s advantage. The 
satiety value of high fat content in the diet (gastric filling) is to a large part 
lost, and such a diet easily can be fed to a patient. To prevent the rapid 
development of a hyperosmolar solution in the proximal jejunum, a diet of 
high fat, high protein content (slowly hydrolyzed) should be fed to the 
maximum exclusion of carbohydrate (easily hydrolyzed). A satisfactory 
diet is one with the caloric ratios from carbohydrate, protein, and fat, respec- 
tively, 1:1.5:5. 

With the recognition of the high incidence of nutritional problems after 
gastrectomy, the dietary advice given such a patient when discharged from 
the hospital after operation probably should be such of this type as a reason- 
able preventive measure. 
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THE LYSIS OF ARTERIAL THROMBI IN RABBITS AND DOGS BY USE 
OF ACTIVATED HUMAN PLASMINOGEN 
(FIBRINOLYSIN) (PLASMIN) 

CarLo E. Grossi, M.D.,* anp EuGcene E. Cuirrton, M.D.,** New York, N. Y. 
(From the Sloan Kettering Institute for Cancer Research and the Memorial Center for 
Cancer and Allied Diseases) 

HROMBOEMBOLIC diseases, both arterial and venous, still remain one 

of the unsolved problems of clinical medicine. Attempts to cause lysis of 
thrombi by means of trypsin,’ streptokinase,’ and heparin have been re- 
ported in animals and patients. None of the studies in human beings have 
conclusively shown lysis of thrombi, but in the experimental animals trypsin‘ 
and streptokinase in large amounts® have been reported to be effective in the 
lysis of venous thrombi, and heparin has been reported to produce lysis of 
very fresh (one- to two-hour-old) venous thrombi in rabbits..° No successful 
experimental results have been reported on arterial thrombi. Wright and 
others’ have shown the recanalization of thrombosed femoral arteries in 
rabbits by the use of the anticoagulant tromexan for a period of three weeks, 
keeping the prothrombin time down to about 30 per cent of normal. However, 
no agent has been reported to be of use in rapid lysis of arterial thrombi either 
experimentally or ¢linieally. Experience with regional heparinization of pop- 
liteal artery emboli in human beings has been very disappointing. 

The preparation of human plasminogen from Fraction III of human 
plasma* has made possible a study of the intravascular use of the effective 
fibrinolytie agent of human blood. Studies on the systemic administration of 
activated human plasminogen (plasmin) have shown it to be nontoxic in a 
variety of animals*® and in a few cases in man.* It has been demonstrated to 
produce lysis of thrombi up to 72 hours old, in the veins of rabbits® and the 
femoral vein of dogs,® and eats. These thrombi were produced by the use of 
sodium morrhuate and varied in age from a few hours up to one week. It 
has been used clinically for local débridement of ulcers,!? and for débridement 
and healing of large abscess and empyema e¢avities.1! The thrombolytic action 
of this agent stimulated interest in the study of its use on arterial thrombi. 
The present work is a report of the results of the use of human plasmin on 
experimentally produced arterial thrombi in rabbits and dogs. 


MATERIALS 


(1) Human plasminogen 35 mg. per 100 ml. saline solution. This was 
activated with 20,000 units streptokinase and 2,500 units streptodornase per 
3.5 mg. human plasminogen to form plasmin. 

This research was supported by Grant #2009C from the U. S. Public Health Service. 

Received for publication Nov. 2, 1954. 

*First-year resident in surgery, Memorial Center. 
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(2) Streptokinase-streptodornase (Varidase*). Streptokinase 100,000 
units, streptodornase 25,000 units dissolved in 10 ml. saline solution. One 
milliliter of this solution was added to 10 ml. of plasminogen solution. 

(3) Sodium morrhuate 5 per cent solution. 

(4) Urokon 30 per cent (for arteriography). 

(5) Adult rabbits (male and female); adult mongrel dogs (male and 
female). 

METHODS 


The production of thrombi in arteries presents a difficult problem be- 
cause of the rapidity of blood flow. In this method a 1 em. segment of the 
artery was isolated between bulldog ciamps and 0.1 ml. of 5 per cent sodium 
morrhuate solution was injected into the isolated segment. After thirty 
minutes some blood flow was allowed through the area for one-half hour. 
Usually a thrombus formed at the site of injury in one to two hours in rab- 
bits and two to four hours in dogs. The thrombi persisted in all the control 
animals (Fig. 1). 


Fig. 1.—Photomicrograph (X15) of the 24-hour-old thrombus in the femoral artery of 
a control rabbit (No. 8). Note the complete occlusion of the lumen by the thrombus and 
the inflammatory reaction in the wall of the artery. 


Thrombi were formed in the femoral artery of rabbits and dogs. Twenty- 
four hours later the wounds were reopened in order to confirm the persistence 
of the thrombi. Activated human plasminogen (plasmin) was then injected 
into a marginal ear vein of the rabbits at the approximate rate of 10 ml. per 
twenty minutes or 3.5 mg. per twenty minutes. In the dogs plasmin was given in 
a forelimb vein in two and into the homolateral iliac artery in two animals. 
In these latter two cases a fine polyethylene catheter was used for introduc- 
tion of the enzyme. The control animals were given saline solution. The 
artery was observed, and when lysis occurred a biopsy was taken or arterio- 
grams attempted. 


*Varidase, Lederle Laboratories Division. 
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RESULTS 


Seventeen rabbits were used, three of them serving as controls. Im all 


treated animals thrombi were produced in the femoral artery and plasmin 


was given twenty-four hours later. Table I lists the total number of animals, 


A. 








Re = 





B. 
Fig. 2.—A, Photomicrograph (X15) of a femoral artery of Rabbit No. 6. 3B, Photo- 
micrograph (X35) of a femoral artery of a rabbit (No. 4) at the site of lysis of a 24-hour-old 


thrombus. Note the patent lumen. 





the type of thrombus, the amount of plasmin administered, and whether or not 
lysis occurred. Lysis took place in twelve of the fourteen treated animals 
within one to two hours, and the amount of plasminogen used varied between 
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3.5 mg. per kilogram of body weight and 7.0 mg. per kilogram of body weight. 
The thrombi lysed were from 1 to 2 em. in length and 0.1 em. in diameter. In 
most animals one could see the adjacent collapsed femoral vein begin to fill up 
as the arterial thrombus was lysed. This lysis appeared to take place from 
the proximal end of the thrombi, as previously observed with venous thrombi. 
As proof of lysis a biopsy was taken in six animals. No toxic or lethal effects 
could be ascribed to plasmin. No animals succumbed to the treatment, there 
were no embolic phenomena, and there were no obvious complications of lysis 
in the extremity. 


TABLE I. SUMMARY OF DATA IN RABBITS TREATED WITH HUMAN PLASMINOGEN. 
THROMBI 24 Hours OLp 














TOTAL 
AMT. PLASMIN TIME FOR 
NUM- | WT. SITE THOMBUS PLASMIN /KG. THROMBUS 
BER |(KG.) ARTERY AND SIZE (MG.) (MG. ) LYSIS COMMENT 
1 4.0 Left femoral 4 cm. 20 5 No lysis No lysis occurred 
2 4.4 Left and right fem- 28 6.3 Left 25 min., Minimal oozing 
oral 2 cm. long x right 1 hr., 
0.3 em. 30 min. 
3 4.2 Left femoral 3 cm. _— —_ —_— Control sacrificed 
long 3 days 
4 3.6 Left femoral 3 cm. 14 + 2 hr., 5 min. Oozing from punc- 
ture; biopsy 
5 4.0 Left femoral 2 cm. 14 3.5 2 hr., 10 min. Biopsy 
6 3.6 Left femoral 2.5 cm. 17.5 4.8 1 hr., 55 min. Well 1 mo. later 
7 4.1 Left femoral 1.5 em. 17.5 4.1 1 hr., 40 min. Well 
8 3.1 Left femoral 2 em. — -- _— Control sacrificed 
9 3.4 Left femoral 2.5 em. 15.7 4.6 2 hr., 10 min. — 
10 4.0 Left femoral 2 em. 14.0 3.5 lhr., 10 min. Biopsy 
11 4.0 Left femoral 2.5 em. 11.5 2.8 1 hr., 40 min. Biopsy 
12 1.8 Left femoral 1 em. 7 3.8 1 hr., 45 min. Biopsy 
13 1.9 Left femoral 1.5 em. 10.5 5.5 1 hr., 15 min. —- 
14 19 Left femoral 2 cm. — — — Control 
15 1.8 Left femoral 2 em. 8.7 4.8 1 hr., 20 min. a 
16 2.0 Left femoral 3 em. 14.0 7.0 No lysis No lysis occurred 
17 3.8 Left femoral 1 em. 17.5 4.0 2 hr., 5 min. Artery bleeding, 


ligated 





The plasmin induced changes in the clotting mechanism which were re- 
flected usually by a slight prolongation of the clotting time and the appear- 
ance within ten to thirty minutes of active fibrinolysis as measured by whole 
blood clot lysis using the capillary tube method. The increased fibrinolysis 
was found to persist for approximately one to two hours after termination of 
injection of plasmin. The disappearance of spontaneous lytic activity did not 
mean that the thrombus re-formed in the artery. The animals observed at a 
later date (three to four weeks) showed the artery still patent in four of six 
animals, with re-formation of the thrombus in the other two. The bleeding 
time of the rabbits was not affected and no oozing was noted from the open 
wound surfaces. In several instances there was bleeding from the needle 
puncture site used for the introduction of the sodium morrhuate, and because 
of the small caliber of the vessels, they had to be ligated. 
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The average amount of plasminogen used was 4.0 mg. per kilogram of body 
weight and an average of about one hour and forty-five minutes was needed 
for lysis of the thrombus to occur. None of the control or treated rabbits 
developed gangrene of the extremity. There were two failures of lysis which 
remain unexplained (Table IIT). 





Fig. 4. 


Fig. 3.—Photomicrograph (X15) of a 48-hour-old thrombus in the femoral artery of a 
control dog. Note the complete occlusion of the lumen by the thrombus. 

Fig. 4.—Photomicrograph (X15) of a femoral artery of a dog at the site 
a 48-hour-old thrombus after plasmin. Note small fragment of thrombus still 
the intima. 


of lysis of 
adherent to 


Five dogs were used, one serving as control (Figs. 3 and 5). In the four 
treated animals lysis of 24- and 48-hour-old thrombi of the femoral artery was 
achieved by the use of human plasmin (Figs. 4 and 6). The animals received 
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Fig. 5.—Arteriogram made through a polyethylene catheter in the common iliac artery 
in a dog (No. 5) with a thrombus 24 hours old in the femoral artery. Note the complete 
block to flow of the contrast medium. 





Fig. 6.—Arteriogram in Dog No. 5 made after the intra-arterial administration of plasmin. 
This shows return of flow through the artery, reindicating dissolution of the thrombus. 
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from 5.4 mg. per kilogram of body weight to 13.4 mg. per kilogram of body 
weight, and lysis took place two to four hours after the beginning of plasmin ad- 
ministration. Table II is a summary of these data. There was no obvious differ- 
ence in the amount of plasmin needed by the distal intravenous route as com- 
pared with direct injection into the homolateral artery. Bleeding from the 
needle puncture sites or the polyethylene tube site was a severe problem in 
three of the four dogs. One of the animals died from bleeding from the punce- 
ture site in the femoral artery, one animal in which the artery was ligated 
died one week later with a wet gangrene of the thigh and leg, and one died 
one week later from secondary hemorrhage from a ligated femoral artery. 
At autopsy no evidence of visceral hemorrhages was found and there were no 
severe hemorrhages from the wounds, as was previously observed. One dog 
still survives. 


TABLE II, SuMMARY OF Data IN DoGs TREATED WITH HUMAN PLASMINOGEN 











NUM- | wT. TOTAL AMT. | PLAMIN | TIME LYSIS 
BER | (KG.) THROMBUS PLASMIN /KG. THROMBUS COMMENT 
1 7.1 Rt. femoral ar- 42 mg. intrave-5.8 mg. 3 hr., 15 min. Recovered well 
tery 2 x 0.4 nously /kg. 
em. 24 hr. old 
2 4.6 Rt. femoral ar- 113 mg. intra- 13.3 mg. 3 hr., 50 min. Died 2 days later; 
tery 3 x 0.4 venously /kg. hemorrhage 
em. 48 hr. old from puncture 
site in artery 
3 12. Rt. femoral ar- 70 mg. intra- 5.6 mg. 3 hr. Died 1 wk. later 
tery 3 x 0.5 arterially /kg. of secondary 
em. 48 hr. old hemorrhage 
from ligated 
femoral artery 
4 13. Both femoral ar- — — _ Control sacrificed 
teries 2 cm. 
long 48 hr. old 70 mg. intra- 5.4 mg. 2 hr., 15 min. Arteriograms died 
5 12.8 Rt. femoral ar- arterially /kg. 1 wk. later of 
tery 2 em. long gangrene rt. leg 
x 0.5 em. 24 following liga- 
hr. old tion of artery 








TABLE III. SuMMARY oF ALL ANIMALS USED 

















| | NUMBER AVERAGE AMT. | 

NUMBER | AGE THROMBI LYSED PLASMIN/KG. AVERAGE TIME | FAILURES 

Rabbits 14 24 hr. 12 4.0 mg./kg. 1 hr., 45 min. 2 

Dogs 4 24 to 48 hr. 4 6.0 mg./kg. 3 hr. 0) 
DISCUSSION 


The results reported, lysis of arterial thrombi in rabbits and dogs, parallel 
the successful lysis of venous thrombi, and human plasmin was again shown to 
be nontoxic in animals. The amount used varied, but on the average was 
larger than the amount used for the lysis of venous thrombi. The time needed 
for lysis appeared to be much longer in dogs, where, of course, the thrombus 
was of much greater length and diameter. No evidence of distal emboli was 
noted, and in some rabbits the lysis was persistent. These thrombi were all at 
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least 24 hours old and produced by a severe chemical irritant and do not mimic 
arterial emboli or thrombi in human beings, which are not always adherent 
at the site of lodgment or formation. 

The changes produced in the clotting time were not of great significance, 
but certainly the appearance of circulating fibrinolysin occurred in all treated 
animals. This lytic activity disappeared within one to three hours after the 
end of plasmin administration. In the dogs the changes in the clotting time 
and lysis time show that an active lytic system for one to three hours is nec- 
essary for intra-arterial lysis to oceur. This is understandable in light of the 
fact that between three and five hours of stasis and application of sclerosing 
agent is necessary in order for a thrombus to form in the femoral artery of 
the dog. In the dogs there was the additional problem of hemorrhage from 
the needle puncture site in the arterial wall, which the high pressure in the 
artery apparently prevented from sealing. This was not a problem with our 
previous studies with venous thrombi, or even with the rabbits’ arteries. This 
would not be a problem in human patients. No oozing was noted from the 
open wound surfaces. One dog lived four months and was used for a differ- 
erent experiment. The autopsied animals did not show any internal hem- 
orrhages or other pathologic changes. 

Up to the present no inhibitor has been found for human fibrinolysin, and 
although heparin has been reported® to inhibit the proteolytic activity of 
dog’s blood, it has not been proved by us to be of real value as an inhibitor 
of human plasmin. In vitro studies with soybean and Lima bean inhibitor 
have failed to show any inhibition of the human fibrinolysin.? 

There were no deaths due to the intravenous or intra-arterial injection of 
human plasmin, and several animals have received it repeatedly at monthly 
intervals with no evidence of sensitization. The lysis of fresh thrombi by 
means of activated human plasminogen could be combined and followed with 
anticoagulants which would ensure the persistence of lysis of the thrombus. 
It is to be expected that the same activity will be observed in acute peripheral 
arterial occlusions due to thrombosis or embolism in patients where the prog- 
nosis up to the present has been very poor. 


SUMMARY 


1. Intravascular lysis of 24- and 48-hour-old thrombi in the femoral 
artery of rabbits and dogs by the use of human plasmin has been demon- 
strated. 

2. Human plasmin administered intravenously and intra-arterially is 
nontoxie in these animals. 

3. No significant difference is noted in the amount of plasmin needed for 
intravascular lysis whether it is administered intravenously or intra-arterially. 
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INCAPACITATING CONTRACTURES OF THE ELBOWS FOLLOWING 
INTRAVENOUS INFUSIONS 


HENRY GoopwIN Gass, M.D.,* AaNnp Epwarp T. Smit, M.D.,** Houston, TExAs 


(From the Department of Orthopedic Surgery and the Department of Radiology, 
Hermann Hospital) 


ONTRACTURES of the elbow joint following intravenous infusion are 
rare, bilateral and incapacitating contractures being more rare. Contrac- 
tures have been reported following tendon and muscle trauma,’ ? fractures, 
constrictions, immunizations, ischemia, and inflammatory conditions.* It has 
been well substantiated that muscular and joint hematomas are precursors of 
ealeifie deposits with resultant contraetures. It appears that the best explana- 
tion for the occurrence of the distant ossifications histopathologically is that 
of undifferentiated fibroblasts, well removed from bony structures, forming 
osteoblasts‘ after the causative stimulus oceurs. Immobilization in a state of 
flexion after trauma to muscles or their nerves will cause contractures.’ Myosi- 
tis ossificans is well known and may be found in almost any muscle in the 
body.* > However, contractures of the elbow joints with deposition of osseous 
tissue in the antecubital fossae are extremely unusual. We wish to report the 
ease of a patient who had a bilateral incapacitating result after many in- 
fusions, none of which was a blood transfusion. 


CASE REPORT 


The patient was a 6l-year-old Negro male porter who was admitted to Hermann 
Hospital, Houston, Texas, in acute urinary retention secondary to urethral stricture and 
benign prostatic hypertrophy. Although relieved of the retention, the patient’s tempera- 
ture ranged from 101° F. to 103° F. during the first three days of admission, The 
second day of admission the patient was diagnosed as having a conversion syndrome and 
was unable to eat or drink for five days thereafter. Although continuously in bed for 
these five days, the patient moved the position of his arms and body frequently. During 
this time, the patient had to be totally maintained nutritionally and therapeutically by 
the intravenous route until he was relieved of his conversion reaction by electric shock 
therapy. During the remainder of the admission, the patient received many infusions, all 
being given in the antecubital area. 

During the entire admission, the patient received thirty-five infusions in the ante- 
cubital regions, equally divided in each arm. Approximately one half of the venipunc- 
tures were for laboratory tests, the other half being for the administration of commonly 
used intravenous infusions, antibiotics, sedatives, and vitamins, No blood transfusions 
were given at any time. The patient had well-developed veins, not difficult for veni- 
puncture. No hematomas occurred at any time, and thrombophlebitis and lymphangitis 
were absent during the four-week admission. 

The patient was referred to the Orthopedic Clinic three weeks after hospital dis- 
charge complaining of inability to straighten his arms. The right arm evidenced sixty 


Received for publication Nov. 15, 1954. 
*Resident, Department of Surgery, Hermann Hospital, Houston, Texas. 
**Chief, Department of Orthopedic Surgery, Hermann Hospital, Houston, Texas. 


803 











804 GLASS AND SMITH - ~— 
May, 19 





Fig. 1.—Left elbow three months after treatment, showing residual ossification. 








Fig. 2.—-Right elbow three months after treatment, showing residual ossification. 
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degrees of extension, and the left arm evidenced thirty degrees of extension at this time. 
The patient was unable to tie his shoelaces or completely dress himself due to this ex- 
treme contracture. Both arms could, however, be completely flexed. Palpation revealed 
a small, hard nodule approximately 2 em. by 2 em. by 2 em. in each antecubital fossa in 
the area of the biceps tendon. Roentgenograms taken on the first visit evidenced ossifica- 
tion in both antecubital fossae. 

Treatment for this patient was instituted immediately and consisted of x-ray therapy 
of 600 r in air to each elbow over a period of thirteen days. Each treatment consisted 
of 100 r, in air. Treatment factors included: 200 Kv.; added filtration % mm, Cu plus 1 
mm. Al; half-value layer was 0.95 mm. Cu; 20 Ma.; the size of the field was 6 by 8 em.; 
distance was 50 cm. In addition, he was given forced extension and lifting exercises at 
home. Operative intervention was not considered wise in this case due to the location of 
the lesions and the fact that additional trauma by biopsies of these lesions tends to ag- 
gravate them.4 Thorndike® recommended removal of similar lesions only if they are near 
joints, then only after twelve to twenty-four months. The patient was seen at regular 
intervals in the Orthopedic Clinic for two and one-half months, at the end of which time 
the patient had almost complete return of function. At that time his range of motion 
was complete flexion bilaterally, 180 degrees of extension of the right arm, and 175 de- 
grees extension of the left arm. At present, he continues to have a full range of motion 
bilaterally. Follow-up roentgenograms are as evidenced in Figs. 1 and 2. 


The variety of solutions used upon this patient were not thought to be a 
factor in the production of this deformity, but the multiplicity of venipunc- 
tures, the recurrent vasospasm, and the subclinical vascular and tendon irrita- 
tion are incriminated. No explanation is offered for the ossification which is 
apparently in or around the biceps tendon unless it is the same mechanism 
which produces ossification in the supraspinatus tendon found in subdeltoid 
bursitis, namely, recurrent trauma. 


CONCLUSIONS 

1. A patient who was therapeutically relieved from very serious urologic, 
medical, and psychiatric disease processes developed an incapacitating ortho- 
pedie defect. 

2. Ossification, in contradistinetion to calcification, developed within the 
tissues of both antecubital fossae in the absence of hemorrhage, blood ex- 
travasation, or trauma other than venipuncture. 

3. Intravenous infusions should not be considered innocuous and should 
be omitted if the oral route of medication and fluid therapy is feasible. 

4. The avenues of approach to the treatment of these unusual ossifications 
are outlined, the full effeet of which had a favorable result in this patient. 
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POSITIONING THE PATIENT FOR NECK OPERATIONS 


Harry C. Saurzstern, M.D., Detroit, Micu. 


O DOUBT many, as have I, have felt cramped and uncomfortable whil: 
performing tedious and time-consuming neck dissections. With the pa- 
tient placed on the operating table in the standard position: lying hori- 
zontally on his back, the surgeon must bend over to reach the posterior neck 
field, stretch to reach the midline field, arch his shoulder, one higher than the 
other, to get high up underneath the mandible. In addition, draping the poste- 
rior neck region is unhandy, to say the least. 

The positioning can be made more practical by using the lateral tilt and 
other adjustments of the “American” operating table with the cerebellar head 
rest.* The operation then proceeds under comfortable visualization and in a 
plane horizontal to the eye, as in any laparotomy. 

The illustrations show the positioning and require little further comment. 

Fig. 1. The patient is placed in moderate reverse Trendelenburg position, 
with footboard in place (A). The arms are strapped to the table (B) and 
another strap is placed over the thighs just above the knees (C). 

The table is now tilted sideways (D) ten or fifteen degrees, as desired. If 
the surgeon is working toward the midline of the neck, the side tilt may be 
increased. If he is dissecting in the lateral portions of the neck, the tilt may 
be lessened. The operator may sit on a high stool such as dentists use (with 
a spring seat) and adjust the lateral tilt to bring the field at right angles to 
his line of vision, as in a laparotomy. 

A broad sponge-rubber pad about 2 em. in thickness is placed underneath 
the shoulders and upper back (£). It extends from one acromion to the 
other, but not under the outer arms. It does not quite reach to the upper end 
of the table. Its purpose is to raise the shoulders off the flat surface of the 
table, allowing for-easier draping and easier access to the posterior neck re- 
gions without violating the sterile field. 

The two-piece adjustable cerebellar rest (F’) and (G) is put in position 
(Fig. 2). The anesthetist may prefer to put the patient to sleep with the head 
flat. If so, the patient is adjusted as in Fig. 2, and an adhesive tape marker 
put on the cerebellar rest where it connects with the table (H). Then this 
whole attachment is removed and the usual headrest for the table put in place. 
After the patient is asleep and intubated, this is removed, and the cerebellar 
attachment replaced. The adhesive marker indicates quickly the proper posi- 
tion for the attachment so no time is lost adjusting the head while the patient 
is anesthetized and hard to move. 


Miss Bea Bell, R.N., Surgical Supervisor Nurse, Harper Hospital, assisted in developing 
this method. 

Received for publication Oct. 19, 1954. 

*American Sterilizer Co., Attachment 1085, “Ganglion Head Rest.” 

The American Sterilizer Company has recently perfected an improved neurosurgical 
head rest (Model 1800 with Attachment 1824). 


Instead of geared teeth for the adjustment, it has an assembly consisting of two arms 
connected by two ball-and-socket joints. This permits more flexible positioning and stability 
of the patient’s head. 
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The cerebellar attachment (F') and (G@), by virtue of its various adjust- 
ments, allows placing the head in various positions. With the vertical adjust- 
ment (G@), the head can be raised or lowered. The best position is usually 
directly on a line with the shoulders or a trifle lower. The bar (I) can be 
angled forward, as in Fig. 2, or backward. The one essential is that the pads 
(J) rest on the greatest diameter of the skull. The head can be turned far to 
the opposite side (Fig. 3) to facilitate dissection behind the ear or along the 
trapezius. Because the head pads (J) were designed for a cerebellar rest, 
they may not hold the head securely when it is turned far to the side. <A one- 
inch adhesive tape () is then wrapped around the head including the head 
pads. 





Pig, 1. 


The intratracheal tube is now fastened to the nose, the anesthetist moves 
herself and her apparatus to the lower end of the table (ZL) (Fig. 4), and 
the patient is ready for draping. 

Much subsequent discomfort and annoyance can be avoided by a bit of 
care and thought in draping the patient. A towel encircles the head and up- 
per face and is held with two small towel clips over the forehead. Another 
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towel is sewed to the skin along a line from the mid-ear to the chin (J/). A 
simple way of doing this is as follows: A moist towel is placed over the 
wound, one edge along the aforementioned line, the other hanging down over 
the clavicle and lying on sterile drapes. The upper edge is stitched to the skin 
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of the face and chin. Then the towel is turned upward over the head, and 
the edge attached to the face becomes its lower margin. The lower portion 
of the ear is left exposed for a landmark. 

A second Mayo table is placed eight to ten inches from the head (N) and 
covered with its sterile slip cover. Now the patient, including the Mayo 
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table, is covered with a laparotomy sheet with a large opening (such as one 
uses for chest operations) or draped with multiple large sheets. Several! 
towels are held to the edges of the wound with towel clips. The towel sewe 
to the face and exposing the ear lobe is the upper limit of the field (JZ); elips 
applied just beyond the midline of the neck delimit the medial edge (O). The 
clavicle is well exposed below, and towels clipped to the skin along a line fa: 
posterior to the trapezius border (P) delimit the lateral edge of the field. 

The inked-in lines of the incision in Fig. 4 show how the field is brough 
into a comfortable line of vision, with these various tiltings, comparable to 
accustomed practice in a laparotomy. 

Fig. 5 shows the position which can be obtained, should one desire it, 
with the goiter bar in addition to the cerebellar attachment. 





NEW POSSIBILITIES FOR URETERIC DILATATION 


H. P. Vurerstra,* RorrerpAM, NETHERLANDS 
(From the Surgical Department of the Utrecht University Hospital) 


CCORDING to older techniques we accomplish dilatation of strictures in 
the upper ureteric stretches by putting through the stenosis a straight 
tube, which fits its lumen as closely as possible. Having kept this tube there 
for some time, we exchange it for a larger one and so on until a satisfactory 
widening has been obtained. These tubes are introduced over a small ureteric 
eatheter (Fig. 1, A), previously brought through the stricture. Thus the 
chances of passing the stricture are increased to such an extent that even 
most awkward narrowings which barely admit a ureteric catheter can be 
dilated with comparative ease, once the catheter passage has been established. 
In addition soundings can be carried out with safety at short intervals. 

Lower ureteric strictures can be treated on the same principle. Unless 
dilatation is very difficult to establish, a faster progress is obtainable by using 
bulb-tipped sounds (Fig. 1, B). The widening thus obtained can be kept up 
between sittings by leaving in place a straight tube. Bulb-tipped and straight 
sounds are interchangeable on the one and only leading catheter. 

As the dilating sound must of necessity have a certain amount of stiffness, 
it ean never be directed by a ureteric catheter of much lesser rigidity, especially 
if a curve in the course of the catheter is encountered. Under those cireum- 
stances the bougie will direct the catheter instead of the reverse. This deviation 
will lead to a kinking of the catheter, as the ureter is unable to follow. 

This difficulty was avoided by stretching the lead. Thus the ureter is 
caused to adopt more or less that direction into which the equally straight 
bougie is being brought upward. Both tubes being straight and smooth, they 
are easily threaded over one another. Practical experience showed, however, 
that a slight gradual bending of the leading catheter does not hamper the 
procedure as long as the following sound is straight. 


MATERIAL AND INSTRUMENTS 


Straight as well as bulb-tipped sounds are manufactured of a polyvinyl 
compound. The leading catheter to be combined with the bougies should 
preferably be chosen of the same material. Convenient, if not always neces- 
sary, is the application of an extra-long catheter (Porgés-Paris) in case of 
higher ureteric strictures. It is essential that the catheter should never be 
employed without the application of the stylet, as mechanical stresses, some- 
times brought about by the action of the sounds against the lead, are of 
negligible consequence if they concern a catheter thus reinforced. The stylet 


Received for publication Nov. 1, 1954. 
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must fit the catheter lumen as closely as possible and must be made of a 
springy kind of steel wire. It must be straight, and replacement after use is 
usually necessary. 

Special care must be taken that the bougies are straight before use. After 
a stay of short duration in the ureter of a patient the plastic tubing acquires 
a distortion (Fig. 2). Heating in water until it becomes limp enough for 
straightening by gravitational force only makes the sound fit for future use. 





Fig. 1.—A, Straight, catheter-led, plastic dilating tube with ureteric catheter in situ. B, Plastic 
type of catheter-led, bulb-tipped bougie. 


The dilating sounds were produced according to the following specifications (Riiseh- 
Germany): 


Bulbous-tipped bougies: Stem sizes 9 and 10 Fr. 
Bulb sizes: 12, 14, 16, 18, 20 Fr. 
Lumen: respectively amply accessible for 4 and 5 Fr. cathe- 
ters. 
Length: 43 em., graduated in centimeters. 
The smaller stem size was designed to be used in conjunction with the 24 Fr. Brown- 


Buerger cystoscope. The larger one must be handled by means of a 24 Fr. deflecting 
panendoscope. 
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Straight bougies: Outside diameters: 9, 10, 12, 14, 16 Fr. 
Lumen: easily accessible for 5 Fr. catheters, the 9 Fr. tube being 
designed to hold only a 4 Fr. catheter. 
Length: 56 em., graduated in centimeters, 


The tapering end has a conical bore ending in the diameter required for the passage of the 
lead as specified previously. A side hole communicates with the wide part of the lumen. 
This arrangement gives the full benefit of a large drainage capacity, whereas the catheter 
is prevented from wobbling at the top. 





Fig. 2.—Straight plastic dilating tube (16 Fr.) shortly after removal of wired leading catheter. 
Case of narrowed ureteropelvic junction with hydronephrosis. 


TECHNIQUE 

Catheter-led Dilatation of Higher Ureteric Strictures.—The instrument of 
choice for the execution of this method is the deflecting Foroblique panendo- 
scope with a short straight sheath of 24 Fr. caliber (American Cystoscope 
Makers, Ine.). By means of this, a polyvinyl ureteric catheter, preferably of 4 
Fr. size, and if necessary of extra length, holding a spring steel-wire stylet which 
reaches up to about 3 em. from the end of the catheter, is introduced until the 
upper end of the steel wire lies well beyond the stenotic area. X-ray control is 
advisable. The telescope is removed from the sheath of the panendoscope, which 
should be held by an assistant into the approximate direction of the ureteric ori- 
fice which is to be entered by the sound. Instead of the telescope, the well-lubri- 
cated 10 Fr. dilating tube is advanced into the sheath, threading it over the 
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catheter. Further introduction brings the tip of the sound with a definite 
degree of safety up to any level desired if care is being taken not to advance 
it beyond the proximal parts of the stylet.* The wired leading catheter is 
removed from the sound, which may present some difficulty. Exerting a little 
traction on the bougie on withdrawing the lead has up till now always proved 
successful. Gentleness and care are required, as it is theoretically possible for 
the upper end of the catheter to be sheared off. The dilating tube is left in 
place after having verified its position by x-ray film or by pyelum washouts. 

One or two days later, at a second sitting, it is worth while attempting to 
reach the next stage entirely without the use of a cystoscope. The wired 
catheter is introduced now through the inlying tube, once again taking care 
that the stylet is kept well away from the tip of the catheter. This intro- 
duction is usually made possible by injecting about 4 ml. of oil into the lumen 
of the tube beforehand. If the catheter over which the inlying sound is sub- 
sequently removed is running a reasonably straight course until well beyond 
the stenotic area, the next tube of 12 Fr. diameter, amply lubricated inside and 
out, can be brought up, on the lead only, with a good chance of passing the 
stricture. The bladder should be emptied before the dilating tube is advanced 
into the ureter. 

If this attempt is not successful, both the bougie and the leading catheter 
are removed, after which another straight ureteric catheter on a stylet is in- 
troduced by means of a panendoscope. The procedure as described at the 
first sitting is repeated again, using the plain sheath for the passage of the 
sound. The management is now, according to our experience, easier than it 
was at the first sitting. 

The introduction of the 14 Fr. sound may also be tried now; it is carried 
out either on the lead of the catheter only or else once more through the plain 
eystoscope sheath. Introduction of the 16 Fr. tube, which is just able to pass 
through the lumen of a 24 Ir. panendoscope sheath, is usually better postponed. 

Complications sometimes arise at the first sitting on executing the tech- 
nique of blind introduction, as the bougies may refuse to enter the lower 
ureteric parts. Dilatation of the ureteric orifice and its juxtavesical stretch 
under visual and Jirectional control is then indicated. Through the assembled 
24 Fr. panendoscope by means of the straight 9 and 10 Fr. catheter-led sounds 
the required widening is easily obtainable. More useful are the bulb-tipped 
bougies designed for lower ureteric dilatation (vide infra). If controlled 
introduction of the larger straight sounds is desired we recommend the 
application of the 28 Fr. deflecting panendoscope (‘‘Vest Dilating Cytoscope’’ 

*It may happen in cases of fixed and curving ureters that the leading catheter sticks 
to the sound when introduction of the latter has partly been established. This is mainly of 
consequence in dilating higher strictures with the smaller sized sounds. The difficulty can be 
overcome by advancing bougie and catheter together through the assembled cystoscope, con- 
nected to each other at the rear end of the sound by means of a rubber catheter tip in 
such a way that a sizable part of the catheter precedes, like a filiform, the frontal part of the 
sound. The introduction of catheter and bougie into the ureter has to be carried out under 
visual control. As soon as the wired part of the leading catheter has passed the stenotic 


area, the outer end of catheter is grasped and the bougie is further advanced, holding back 
the catheter at the same time. 
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—American Cystoscope Makers, Inc.), instead of the 24 Fr. instrument. The 
former permits, fully assembled, the passage of the 14 Fr. bougie. Combined 
with a normal panendoscope bridge and the 68 Foroblique telescope which forms 
part of the Vest outfit, our 16 Fr. sound can still be handled through it. Fins are 
not required in this combination as their task is taken over by the leading cath- 
eter. The possibility of visual control up to the ureteric orifice reduces the 
handling of these sounds to the utmost simplicity. 

Catheter-led Dilatation of Lower Ureteric Strictures—The technique just 
described is applicable to lower ureteric strictures without restriction. Blind 
introduction is advised only after the first step has been successfully accom- 
plished by the use of the assembled cystoscope. 

Faster progress can be achieved by means of bulb-tipped catheter-led 
sounds, the whole series of which can be handled by means of a normal-sized 
eystoscope. For their application visual and directional control is indis- 
pensable. 

Introduction is performed by fitting the bougie into the working element 
of the cystoscope (a 24 Fr. convex Brown-Buerger model is but little less use- 
ful than a 24 Fr. deflecting panendoscope), so that the bulb of the sound lies 
just beyond the objective lens of the telescope. The bougie, being threaded 
over the catheter, will just enter the ureteric orifice by the single maneuver of 
assembling the cystoscope. In every other respect the prescripts given for 
the straight sounds hoid for the bulb-tipped bougies. 


SELECTION OF CASES 


Only bulb-tipped sounds are used by us if a narrowing is short, single, not 
too tough, and situated under a level of about 6 em. from the bladder. The 
degree of narrowing is no basis for selection. There seems to exist a general 
possibility of acquiring by this method a widening of every kind of ureteric 
stricture once the passage of a catheter not smaller than 4 Fr. has been es- 
tablished. 


ADDITIONAL APPLICATIONS OF CATHETER-LED BOUGIES 


Further experience has confirmed our previous statement that it may be 
possible to pass a catheter through a lower ureteric stricture with the aid of 
the hollow bulbous-tipped sounds, where plain introduction failed to be suc- 
cessful.1 For this purpose the original metal modification of the sounds pre- 
sents an advantage over the plastic type because of the self-stretching action 
of the former. The use of the deflecting panendoscepe in this field has proved 
to be superior to that of a Brown-Buerger cystoscope, the method remaining, 
however, unchanged. 

A hollow bougie of one of the smaller cone sizes is inserted as far as pos- 
sible into the ureteric orifice. A catheter, previously introduced through the 
lumen of the sound as far as the bulb, may then be pushed further up into the 
ureter. 
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In the majority of cases where this method was necessary, success was 
achieved after a short period of manipulation of the cystoscope and its de- 
flector, combined with continual probing of the catheter through the hollow 
sound. 

Straight and bulb-tipped sounds were used to clear a passage for the 
spontaneous expulsion of higher and lower ureteric concretions, respectively. 
A special type of catheter-led stone-basket was constructed and applied in 
combination with the method described. 

For the treatment of urethral strictures the use of the straight catheter- 
led sounds has interesting facilities. 





Fig. 3.—Left lower ureteric stricture of tuberculous origin. Plastic bulb-tipped dilating sound 
visible amid contrast medium. 


EVALUATION OF RESULTS 


During the period of one year the bougies were used in 37 cases, including 
21 cases of stricture and 16 cases of ureteric stone; 10 of the stricture cases 
were tuberculous; the remaining 11 were of a nonspecific nature or congenital 
(among the latter are included three narrowed ureteropelvic junctions). No 
traumatic stenosis is represented in our series. 

The bulb-tipped sounds were used in 21 cases; the straight sounds were 
used in 11 cases; the types were applied in combination in 5 eases. 
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Fig. 4.—A, Stenotic stretch covering lower third of right ureter. Lipiodol deposits show 
the outline of extensive retroperitoneal change. 


B, The 12 Fr. bougie has been passed up through the stricture. 
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Catheter introduction was difficult in the majority of the cases presenting 
lower strictures of tuberculous origin. In 5 of these, severe trouble was met, 
which could be overcome only by special measures. Four times these measures 
consisted in the introduction technique with the aid of the hollow bulbous bougie; 
success was achieved in this way surprisingly quickly. The fifth lower tuber- 
culous stricture, however, was resistant to this method also. We managed 
eventually to reach our aim by probing into the ureteric orifice with three 
catheters at a time, one of which suddenly went past the stenosis (Fig. 3). 

Two patients having a lower tuberculous stricture had a higher one above 
the lower third of the ureter also. 


For 5 of the 10 lower tuberculous strictures the bulb-tipped sounds were 
used ; 4 were treated by means of the straight bougies (including both patients 
with double stricture) and 1 patient was treated with bulbous and straight 
bougies. 

Twice the straight sounds had to be used for strictures covering the entire 
distal third of the ureter. One of these cases was tuberculous in origin; the 
other stenosis was caused by an extensive extraureteric inflammatory process 
of long-standing chronic character (Fig. 4, A and B). 

The remaining cases of upper ureteric stricture were 3 ureteropelvic 
narrowings; in addition, 1 patient, who had undergone a pyeloplastic opera- 
tion for this deformity, was treated by means of the sounds, because of early 


postoperative complications. Lacking more suitable cases of acquired stric- 
ture formation in the upper ureteric tract, conservative treatment in these 
cases was executed mainly to investigate the field of usefulness of our method. 
Considering the congenital nature of the abnormality our faith in an eventu- 
ally satisfactory response in these cases is somewhat reserved. 


Favorable response after a short term of treatment is reported in 5 cases 
of serious tuberculous stricture of the lower ureter. Two patients are elini- 
eally, as well as radiologically, free of symptoms. 

Not once in this series have we encountered a case in which it proved to 
be impossible, once a passage for the lead had been obtained, to produce that 
degree of dilatation considered to be satisfactory. 

Reactions to the presence of the inlying ureteric tubes were seen only 
with respect to an elevation of body temperature. They were relatively in- 
frequent and, if present, slight and transient. This may partly be due to the 
possibility of complete pelvic drainage. 


SUMMARY 


A method is described for the treatment of ureteric strictures following 
a principle in which use is made of a cannulated polyvinyl bougie introduced 
over a previously inserted ureteric catheter. In our experience the method has 
proved to be applicable to all varieties of ureteric stricture once a successful 
passage of ureteric catheter of no smaller size than 4 Fr. has been produced. 
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Two types of dilator are described for use in the treatment of high and 
low strictures, respectively, of which that for the low strictures has also 
proved of use for the introduction of a catheter, when this had been impossible 
by the normal method on account of the presence of the stenosis. 

The instruments have also been used to facilitate the passage or extraction 
of ureterie¢ caleuli. 

In 37 cases (21 strictures at varying levels, long and short, and in 2 cases 
double, 16 cases of ureteric stone) the method has been eminently successful ; 
when used, however, for the introduction of a catheter into a stenotic ureter, 
as mentioned previously, less uniform success is to be expected. 
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EFFECT OF TOTAL BODY IRRADIATION ON EXPERIMENTAL 
RENAL TRANSPLANTATION* 


Rocer Baker, M.D., Pu.D., AND Ropert Gorpon, M.D., WASHINGTON, D. C. 


(From the Department of Surgery [Urology], Georgetown University School of Medicine, 
Washington, D. C., and the University of Chicago, Chicago, Ill.) 


A“? evidence to date supports the concept that failure of renal transplan- 
tation is due to the host developing antibodies in response to the foreign 
protein of the graft. Locally, the transplanted kidney is rejected either by 
lymphatie invasion with lysis and absorption of the foreign protein or by erec- 
tion of a complete wall of connective tissue about the graft. Systemically, 
a true chemical incompatibility develops with the formation of antirenal anti- 
bodies. Numerous investigators have attempted a variety of methods directed 
at suppression of this immune response to the graft. In 1927, Morpurgo! 
demonstrated that it was possible to weaken the resistance of the host to a 
graft by substandard nutrition. Gassul? and later Erdmann®* introduced the 
concept that the foreign protein reaction characteristically produced by 
grafted tissue could be reduced by permitting the tissue to dwell for a period 
of time prior to transplantation in a culture medium prepared from body 
fluids of the prospective host. Experiments reported previously by our labora- 
tory have been aimed at suppression of the antibody response by attacking the 
source of antibody formation, namely. the hematopoietic organs.* It was 
found that cortisone, nitrogen mustard, and splenectomy prolonged the take 
of the homotropie transplanted kidney in the dog. As transplantation is es- 
sentially an all-or-none proposition, however, simply prolonging the take is an 
unsuecessful experiment. 

It is well known that irradiation affects the hematopoietic system and 
thereby decreases antibody formation. Rosenthal® and Metealf® observed that 
a midlethal dose of irradiation produces a rapid and almost complete sup- 
pression of erythropoiesis and granulocytopoiesis in the rat bone marrow. 
Taliaferro’ has reviewed the entire subject of antibody response after whole 
body irradiation and has found the capacity to form antibodies to be markedly 
impaired unless the spleen is shielded. It is the purpose of the experiment now 
presented, therefore, to study in dogs the effect of a midlethal dosage of total 
body irradiation on suppression of antirenal antibodies after renal transplanta- 
tion. 

PROCEDURE 

Nine male or female mongrel dogs received single doses of total body ir- 
radiation by the bilateral exposure technique (225 r, 2,000 kv.). All animals 
were dewormed at least one week prior to irradiation and received Aureomy- 
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ein, 500 mg. each day for three days, prior to renal transplantation. Surgery 
was performed one to seven days after irradiation. In five dogs the transplanted 
kidneys were obtained from nonirradiated donors, while in four dogs kidneys 
were transplanted between irradiated pairs. All operations were performed 
with use of intravenous injections of seecobarbital (Seconal) sodium anesthesia, 
and the usual aseptic precautions were observed. The donor kidney was per- 
fused with a heparin-saline solution. Homotropie transplantation was per- 
formed by suture anastomosis of the vascular pedicle of the donor kidney 
directly to the renal vessels of the host. The maximum time needed to per- 
form arterial anastomosis was twenty minutes. Prior to suturing of the renal 
vein, the arterial clamp was released for a short time and blood was permitted 


Fig. 1.—Autopsy specimens from dog having renal transplantation. Kidney at top from irradi- 
ated recipient. Donor kidney (bottom) from nonirradiated dog functioned for six days. 


to wash through the kidney. After venous anastomosis, the donor ureter was 
sutured to the ureter of the host, and the union splinted with a polyethylene 
‘atheter which was brought out through the abdominal wound. A marked 
abnormal bleeding tendency was observed during all operations. Bleeding 
was profuse during two of the renal transplantations, one dog requiring a 
transfusion of packed erythrocytes in saline solution in order to survive the 
procedure. No heparin was administered to the recipient animals due to the 
heparin-like effect produced by irradiation which has been described by Allen 
and associates. Postoperatively streptomycin and penicillin were adminis- 
tered to all dogs for two to five days. 

A eontrol series has been reported previously by our group.* Subsequent 
observations have failed to alter these results substantially. 
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RESULTS 

There were no operative deaths in the nine dogs that had homotropic 
renal transplantation. One dog died five days after irradiation and three 
days after surgery. Urine was still dripping from the catheter at time of 
death. It is assumed that this was death from irradiation. At autopsy, dif- 
fuse hemorrhages into the viscera were observed which would support this 
view. Of four dogs studied, all had white blood counts of 500 per cu. mm. 
or less. None of the eight dogs had renal function for longer than eight days. 
The range was from two to eight days, with a mean of 4+ 1.8 days. As the 
control series had a range of one to five days with a mean of 3+ 1.0 days, the 
increase in duration of function in the irradiated animals would not appear 
significant. Furthermore, all animals in the experiment had a very poor eal- 
orice intake postoperatively. It has already been indicated! that of itself this 
may prolong take of a transplanted organ. Autopsy was performed on all 
animals immediately after kidney function ceased. Each transplanted kidney 
was at least twice normal size, cyanotic, and quite firm, regardless of whether 
it was donated by an irradiated or nonirradiated host. Fig. 1 demonstrates 
the size differential between the transplanted kidney and kidney of the ir- 
radiated recipient. The vascular anastomoses in each dog were patent and 
free of blood clot. Microseopically, there was diffuse venous thrombosis and 
lymphatic infiltration. Tubular and, to a lesser degree, glomerular architec- 
ture were nearly completely destroyed. Renal tissue was cultured from four 
dogs; no bacterial growth developed in either plate or broth in three dogs, 

and one was infected with Staphylococcus aureus. 


DISCUSSION AND CONCLUSION 

One to seven days after a dose of 225 r total body irradiation, which may 
be lethal to as much as 50 per cent of dogs, homotropic renal transplantation 
was performed in nine dogs. The expected increased bleeding tendency associ- 
ated with this amount of whole body irradiation was observed. One dog died 
of irradiation sickness. The remaining eight dogs failed to have a significant 
increase in duration of function of the transplanted kidney when compared 
to control series. Use of massive total body irradiation prior to renal trans- 
plantation to depress production of antirenal antibodies by the reticuloendo- 
thelial structures is apparently without value. 

We are grateful to Dr. J. Garrott Allen, Professor of Surgery, University of Chicago, for 
irradiation of most of the dogs in this series. 
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PAPER-BACKED POSTAGE STAMP SKIN GRAFTS IN THE 
TREATMENT OF BURNS 


A Report oF SEVEN CASES 


JAMES L. Exuiott, M.D.,* anp JoHn L. Grow, M.D.,** Norrouk, Va. 
(From the Surgical Service of the United States Public Health Service Hospital, Norfolk) 


HE problem of covering large surface defects in the severely burned and 

debilitated patient remains a serious challenge. With the use of penicillin 
and the newer antibiotics,! adequate bacteriostasis can be obtained at the 
burn site, but the chief problem remains the maintenance of the patient’s fluid 
and electrolyte balance as well as maintaining serum protein and hemoglobin. 
The former is the essence of the immediate burn therapy and the latter is the 
subsequent problem to be faced in the postburn period. This is the phase in 
which skin grafting becomes important as it represents a means of preventing 
continued loss of serum protein and hemoglobin through the large, granulating 
areas, as well as simply repairing the skin defect. The use of high-calorie, 
high-protein diet, as well as the generous use of whole blood, constitutes the 
supportive therapy in the intermediate period. 

In the grafting phase of the treatment of the seven seriously burned pa- 
tients reported here, we have used a method of skin grafting not previously 
described. 

The details of our technique are reported later in the article, but the 
essential innovations are as follows: (1) Ordinary heavy, brown wrapping 
paper which has been autoclaved is used as a backing for the skin. (2) The 
paper backing is left flat on the table, painted with graft-cement, and the sheet 
of split-thickness skin is applied to it under normal tension. (3) The skin is 
not treated with dermatome cement until after it is excised when the Brown 
Electro-dermatome is used. 

METHODS 


The patient is prepared and draped for skin grafting in the usual manner 
with two fields presenting, one for the donor site and one for the recipient 
area. General endotracheal anesthesia is used unless only one lower extremity 
is involved, in which case spinal anesthesia is used and the opposite extremity 
is selected as the donor site. A four-man surgical team is desirable to allow 
the operation to progress smoothly. While two members are taking the grafts, 
the other two attend first to the burn site where it may be necessary to shave 
exuberant granulations and achieve hemostasis by applying local pressure. 
Then they move to the sterile work table to receive and mount on paper the 
skin graft sheets as they are removed by the first two with the Brown or 

Received for publication Oct. 16, 1954. 
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Padgett dermatome. In donor sites over the thorax, the intercostal spaces are 
ironed out by the subeutaneous injection of sterile normal saline solution. We 
take a thick split-thickness graft with the machine set for 18 to 20 thousandths 
of an inch. 


Fig. 1.—A, The skin is held at normal tension while being backed with heavy brown 
paper which has been covered with graft cement. 


B, The paper-backed skin is being cut into 2- to 3-cm. squares. 
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The surgeons at the work table receive the fresh-cut graft from the derma- 
tome operators and spread it out under normal skin tension with hemostats, 
clean the surface with ether, and paint the surface with dermatome cement. 
Then the sheet of skin with attached hemostats is inverted with tension main- 
tained and placed back-down on the waiting cemented surface of a 6 by 10 


A. 





—A and B, The paper-backed skin grafts have been applied to the extensive granulating 


Fig. 2. 
areas. 


inch section of heavy brown wrapping paper which has been mounted with 
thumbtacks on a wooden block (Fig. 1, 4). The paper-backed skin graft is 
then set aside under moist gauze while succeeding grafts are taken and 
mounted in the same manner. The surgeons taking the grafts dress the donor 
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area before becoming contaminated by working in the recipient area. At this 
time the other team is trimming excess brown paper from the edges of the 
backed skin grafts and cutting the latter into 2 to 3 em. squares (Fig. 1,B). 
These are then applied by all four men to the recipient area (Fig. 2). Finally, 
with the utmost caution not to disturb the carefully placed grafts, the team 
covers the grafted area with a layer of coarse paraffin mesh followed by fine 
mesh gauze and gauze roll. The dressing is completed with a roll of bias-cut 
cotton stockinet, which holds it securely without undue pressure. 

In areas where there is more than the usual danger of the grafts slipping, 
light plaster of Paris immobilization is maintained up to the time of the first 
dressing. The graft is first dressed at six days, and at this stage the paper 
backing is easily peeled off the squares of skin. A wet dressing of 0.5 per cent 
acetic acid or normal saline solution is routinely used twenty-four hours before 
the first dressing is made. 

DISCUSSION 


At this writing seven seriously burned patients have been grafted by the 
use of this method. The general plan of treatment and the hospital course of 
the seven patients is summarized in Table I. The calculation of the percentage 
surface area of the third degree burn is based on the Berkow method.? The 
emergency burn treatment used is essentially that described by Tolins,’ a gen- 
erally accepted method of aseptic surgical clean-up of the affected area fol- 
lowed by dry sterile dressings. Fluid and electrolyte balance is maintained 
during the initial critical period by the administration of fluids containing 
sodium, chloride, and bicarbonate ions after Moyer. The oral route is pre- 
ferred, and unless the patient is so severely burned about the face or so 
shocked that he cannot drink, well-iced Moyer’s solution is taken readily in 
large quantities (Table I, Column 3). Whole blood is given liberally during 
the first phase of therapy when there is an appreciable loss of red blood cells. 
Whole blood is used also during the intermediate period in liberal amounts in 
an attempt to bring the patient to the operating room for the skin-grafting 
procedure in the best possible condition (Table I, Column 4). 

The patients were usually ready for grafting by the fourth week. Pa- 
tient I. H. was transferred to our hospital several months after his burn, so 
consequently was not grafted until late. We continue to give whole blood 
at the time of grafting and afterward as necessary to maintain the patient’s 
nutritional state until his dietary intake can keep him in positive balance. 
The importance of multiple small grafts is paramount where only a small donor 
area is available to supply skin to graft extensive granulating areas. In some 
of our patients we felt the method represented a lifesaving procedure. Our 
average primary take in this group of severely burned patients was over 90 
per cent. When granulating areas of 1 em. or less were left between the grafts 
they were usually covered by epithelium in two to three weeks. However, 
multiple full-thickness grafts were used on some of the patients to hasten 
epithelization of the larger spaces between the grafts. 
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SUMMARY 


1. A new method of paper-backed postage stamp skin grafting is described 
and seven cases presented in which this method of treatment was used. 

2. The percentage of take of the graft by the use of this method has been 
extremely gratifying. 

3. This method of grafting large granulating and superficially infected 
areas has the following advantages over the ordinary methods of grafting: 


(a) There is maximal coverage by the available skin. 

(b) The grafted skin is maintained at normal tension. 

(ec) Sutures are not used for fixation of the grafts, which mini- 
mizes trauma and infection in the recipient area. 

(d) There is a minimum of floating of the grafts and bleb forma- 
tion as drainage around the edges of the small grafts is ideal. 


4. The materials necessary for this method of grafting are simple, inex- 
pensive, and are available in any hospital where skin grafting is done. 
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ANASTOMOSIS OF COMMON AND INTERNAL CAROTID ARTERIES 
FOLLOWING EXCISION OF MYCOTIC ANEURYSM 


Patrick C, SHEA, JR., M.D., LaMar F. Guass, M.D., Witu1am A. Rem, M.D., 
AND ARTHUR HARLAND, M.D.,* ATLANTA, GA. 


(From the Whitehead Department of Surgery and the Department of Pathology, Emory 
University, and the Grady Memorial Hospital) 


HE rarity of reports in the surgical literature on successful eases of end-to- 
end anastomosis of the common and internal carotid arteries following 


9 


excision of a defective portion’? indicates that two instances within a 
period of fourteen months in the experience of one surgeon are most unusual. 
In the first case, a 3.3 em. section at the bulb was excised following trauma 
to the carotid artery.? In the present instance, an estimated deficiency of 4.5 
em. resulted from excision of an aneurysm and débridement of the weakened 
walls of the arteries. 
CASE REPORT 


A 58-year-old Negro man was admitted to the surgical service of Grady Memorial 
Hospital on Dee. 18, 1952, for evaluation of a swelling in the left side of the neck. He 
stated that approximately two weeks earlier several teeth had been extracted from the 
left mandible and that three days later the swelling appeared. A week before admission 
he suddenly became hoarse. 

The patient was small and asthenic. His temperature was 98.6° F.; pulse 80; 
respiration 20; and blood pressure 150/100 in both arms, 

The general physical and neurological findings were normal. Pertinent physical 
abnormalities were confined to the left side of the neck, where a tense, nontender, pulsat- 
ing, and expansile mass, 3 by 4 em. in size, lay in the course of the carotid artery, midway 
between the mastoid process and the clavicle. It was contiguous with the left carotid 
artery. The trachea was deviated to the right. Indirect laryngoscopy revealed slightly 
diminished function of the left vocal cord. Auscultation over the mass disclosed an 
audible bruit. 

The only abnormal laboratory findings consisted of a 4 plus Kahn test with 512 Kahn 
units. There were no physical manifestations of syphilis, although past history showed 
that the patient had not completed an adequate course of treatment in 1935. Spinal fluid 
at that time had been normal, as it was on this admission. Fluoroscopic examination of 
the chest showed it to be normal. 

A diagnosis of aneurysm of the left common carotid artery was made and the patient 
was hospitalized for study and observation. The mass enlarged rapidly. On December 29, it 
was approximately 6 by 8 em. in size. By Jan. 2, 1953, it was impossible to insert a finger 
between the superior pole of the aneurysm and the mastoid process, and inferiorly the index 
finger could barely be interposed between the margin and the clavicle. The trachea was 
pushed far to the right and lay beneath the right sternocleidomastoid muscle. 

Because of the rapidly progressive enlargement of the mass and the danger of rupture 
with possibly fatal hemorrhage, it was decided to excise it on the following day, Jan. 3, 1953. 


Received for publication Oct. 13, 1954. 
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Utilizing Pentothal sodium and gas-oxygen anesthesia with an endotracheal airway, an incision 
was made over the left clavicle. The medial half of the clavicle and a portion of the 
manubrium sternum were resected. The sternocleidomastoid muscle was detached from the 
clavicle, and the common carotid artery was isolated within 2 em. of its origin at the aortic 
arch and encircled with a No. 8 Fr. soft rubber catheter. A vertical incision was made in a 
slightly medial direction’ from this level to the mastoid process, and the tissue flaps were 
elevated as in a radical neck dissection. The omohyoid muscle was div’ ‘ed, and the cut ends 
were retracted medially and laterally, respectively. 

The jugular vein and the vagus nerve appeared to adhere to the | ll of the aneurysm. 
By sharp and blunt dissection, the portion of the jugular vein which overlay the sac was 
isolated and ligated proximally and distally. The intervening segment was removed. With 
great difficulty, and with care taken to identify and avoid injury to the facial nerve, the 
internal carotid artery was exposed immediately below the mastoid process. It was slender, 
small, and tortuous (Fig. 1). It was dissected from the surrounding tissue, and the jaws of 
a tiny Blalock clamp were placed about it. The external carotid artery was not visualized. 
By sharp and blunt dissection the entire aneurysmal mass was freed except for the postero- 
medial margin. 
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Fig. 1.—A, Artist’s drawing of aneurysm at time of operation. 

B, Artist’s drawing showing anastomosis of common and internal arteries following 
excision of aneurysm. Note resection of clavicle and reinforcement of suture line with strip 
of fascia lata from thigh. 


The common carotid artery below the aneurysm and the internal carotid above it were 
mobilized. The anterolateral wall of the aneurysm was paper-thin. In attempting to free 
the vagus nerve, a portion of this wall was pulled away. The catheter was immediately drawn 
taut about the common carotid artery, and the Blalock clamp on the internal carotid artery 
was screwed shut, completely occluding the circulation in the left carotid artery and its 
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branches except for minimal retrograde flow from the orifice of the external carotid artery 
within the sac. The sac was opened widely and the external carotid artery was closed from 
within by a purse-string suture. The ends of the common and internal carotid arteries were 
identified by their orifices, and isolated, and the remaining sac was excised. 


The wall of the common carotid artery was thick and showed moderate atherosclerosis. 
After the ends of the common and internal carotids were débrided until gross evidence of wall 
weakness was absent, an estimated deficiency of 4.5 cm. existed between them. A femoral 
vein segment which had been prepared as a graft to bridge the gap if necessary was not used. 
Instead, the ends of the internal and common carotid arteries were approximated by traction 
with three guide sutures, under moderate tension, and end-to-end anastomosis with intimal 
approximation was accomplished with interrupted and horizontal mattress sutures of 
No. 00000 arterial silk. The artery between the tourniquet and clamp was filled with 
normal saline solution containing 25 mg. heparin, and all air was excluded. The Blalock 
clamp was removed from the internal carotid artery, and almost immediately hemostasis 
was effected at the suture line. The tourniquet was then removed from the common 
carotid artery. 





* ‘ih we 


Fig. 2.—Arteriogram five weeks after operation, revealing patent anastomosis and complete 
carotid circulation. 





pene 


Sixty-seven minutes after its obstruction, pulsatile flow was re-established in the 
left carotid system. The anastomosis was patent and the internal carotid artery was full 
and pulsating to the base of the skull. A small piece of Gelfoam, moistened with saline 
solution, was placed about the suture line. A strip of the fascia lata approximately 7.5 
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em. long, which had been removed from the thigh, was wrapped and sutured about the 
artery for an equidistance above and below the suture line, with one edge imbricated over 
the other. Because of technical problems, the ansa hypoglossi had to be divided. The cut 
ends of muscles were approximated and the subcutaneous tissues and skin were closed in 
layers. A small, soft rubber drain was left in the wound. No anticoagulants were used 
postoperatively and no special effort was made to splint the neck. 

The patient reacted one-half hour after operation and was returned to the ward in 
good condition. His postoperative course was uncomplicated. The only neurological deficit 
noted was a slight peripheral involvement on the left side of the face. The patient was 
unable to move the tongue in this direction or to retract this corner of the mouth, 

The pathologist’s (A. H.) differential diagnosis was difficult since it had been im- 
possible to remove the specimen in one piece. The arterial wall varied markedly in thick- 
ness and showed extensive destruction of the elastic and muscle fibers of the media. Many 
foci of necrosis with accompanying inflammatory response were noted in the medial and sub- 
intimal layers. A diffuse infiltration by polymorphonuclear leukocytes accompanied by small 
hemorrhages was seen at some points in the media, and occasional small arterial blood vessels 
with endothelial proliferation and lymphocytic perivascular infiltrate were noted in the 
outer layers of the media and in the adventitia. These findings, together with the clinical 
data, established the diagnosis of mycotic aneurysm superimposed on syphilitic disease of 
the carotid artery. 

The patient was discharged on the fifteenth postoperative day. On February 5, 
almost five weeks after operation, he returned for an open arteriogram, which demon- 
strated a patent anastomosis and complete carotid circulation (Fig. 2). The carotid pulses 
on the affected side were palpable to the base of the skull, and the neurological deficiency 
had disappeared. He has since been seen several times, most recently on June 2, 1954, 
and has experienced no difficulty attributable to his illness and operation. 


SUMMARY 


1. Following excision of a mycotic aneurysm which left a 4.5 em. gap, end- 
to-end anastomosis of the left common and internal carotid arteries was per- 
formed. 

2. Although earotid circulation on the left side was interrupted for sixty- 
seven minutes, the slight neurological changes that occurred were probably due 
to minor damage to a small branch of the facial nerve. They were confined to 
the left side of the face and proved transient. 

3. This second ease of end-to-end anastomosis of the common and internal 
‘arotid arteries following resection reaffirms the conclusion drawn from the first 
ease: namely, re-establishment of arterial continuity should be considered when- 
ever trauma, carotid body tumors, aneurysms, arteriovenous fistulas, or in- 
rasive carcinomas require partial resection of this vessel.” 
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NECROTIZING ARTERIOLITIS OF THE ABDOMINAL ORGANS AS 
A POSTOPERATIVE COMPLICATION FOLLOWING 
CORRECTION OF COARCTATION OF 
THE AORTA 


A CASE REPORT 


JUAN J. PEREZ-ALVAREZ, M.D., AND SAMUEL OUDKERK, M.D., 
CLEVELAND, OHIO 


(From the Department of Cardiovascular Surgery, University Hospitals of Cleveland and 
Western Reserve University, School of Medicine) 


TOTAL of forty patients with coarctation of the aorta have been operated 

upon at University Hospitals of Cleveland by Dr. Claude S. Beck in the 
five-year period from 1949 to April, 1954. Twenty-seven (67.5 per cent) were 
male and thirteen (32.5 per cent) were female. The average age was 16.8 years, 
the range being 3 to 44 years. Six patients were in their twenties and five in 
their thirties. The oldest were two women 44 years of age. 

In 55 per cent of the patients the diagnosis was made incidentally when a 
high blood pressure was found in the upper extremities with diminished or ab- 
sent arterial pulsations in the lower extremities. These patients did not present 
symptoms referable to the condition. In the remaining 45 per cent the most 


common symptoms, in order of frequeney, were: headaches, leg pain on exer- 
tion, coldness of feet, fatigability, and chest pain. One patient had been in 
eardiae failure. 


The highest values of the blood pressure found in the upper extremities 
were not related to the patient’s age or the size of the orifice in the coareted 
area. Although the two 44-year-old patients had the first and third highest 
blood pressures, the second place was occupied by a child 10 years of age with a 
pressure of 210/150 mm. Hg. The rest of the group with the ten highest 
blood pressures consisted of two patients in their thirties, one in the twenties, 
three in their teens, and a 44-year-old child who had a blood pressure of 
188/108 mm. Hg. 

In the older patients degenerative changes, similar to those seen in patients 
with arteriosclerosis, were noticed in the arteries of the chest wall which formed 
part of the collateral circulation supplying the lower part of the body. 

In all of the cases an end-to-end anastomosis, after resection of the coarcted 
segment, was made. In none of them was a graft required. The aorta was 
found totally occluded in two eases, and in the remainder the inside diameter 
varied from 0.5 mm. to 6 mm. 

Postoperatively two patients (aged 34 and 14) had a abil hemorrhage 
from which they eventually recovered. One patient, who required the occlusion 
of an aberrant right subclavian artery arising from the aorta immediately distal 
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to the coarctation, developed a postoperative paraplegia. One of the 44-year-old 
women had a subarachnoid hemorrhage with complete recovery and withou 
apparent sequelae. The other 44-year-old woman had a postoperative empyem 
that resolved without further complications. A 10-year-old child had a post 
operative hemothorax that required decortication of the lung at a later dat 
The rest of the surviving patients had a completely uneventful recovery. 


The mortality rate was 5 per cent or two eases out of forty. One of the 
deaths was due to dehiscence of the aortic suture line, which was infected. In 
the other case acute necrotizing arteriolitis of the abdominal organs developed 
late in the postoperative period. 

The latter case is here reported. There is only one other case reported in 
the literature in which this fatal complication occurred.’ 


CASE REPORT 


T. K., a 5-year-old white boy, was admitted to the University Hospitals of Cleveland 
on April 29, 1953, for correction of coarctation of the aorta. The patient’s only symptoms 
related to the condition were occasional paresthesias in the legs. He had a blood pres- 
sure of 150/70 mm. Hg in the upper extremities with absence of pulsations in the lower 
extremities. No history of allergy or previous serious illnesses was elicited. Auscultation 
of the heart revealed a basal systolic murmur. The aortic second sound was much louder 
than the pulmonic second sound. The chest x-ray films with barium swallow showed a 
double esophageal indentation suggestive of a poststenotic dilatation of the aorta, The 
electrocardiogram was within normal limits and the phonocardiogram demonstrated a 
systolic murmur. Angiocardiograms showed narrowing of the aorta just distal to the 
left subclavian artery with a mild poststenotic dilatation. 


The child was operated upon on May 1, 1953, and an end-to-end anastomosis was 
performed without difficulty. A portion of the aorta measuring 1 cm. was resected, The 
coarcted portion of the aorta measured 0.5 cm. in length and had an inside diameter of 
3 mm. at its narrowest point. Immediately after the clamps were removed from the aorta 
the blood pressure dropped to 120/80 mm. Hg. By the end of the procedure it was the 
same as the preoperative value, 140/80 mm. Hg. Pulsations were palpable in the dorsalis 
pedis arteries immediately after surgery. 


During the first eight days after the operation the patient had an uneventful post- 
operative course. The blood pressure was 140 to 170 mm. Hg systolic and 80 to 110 mm. 
Hg diastolic. For two days he complained of vague abdominal distress which became 
severe pain localized around the umbilicus on the tenth postoperative day. On the eleventh 
day an exploratory laparotomy was performed. The only pathologic finding was marked 
mesenteric adenitis, The appendix was removed but the pathologic examination did not 
show evidence of appendicitis. The patient continued having abdominal pain and five 
days later his stools became tarry. The temperature rose to 40° C., the white blood count 
was 53,100, the hemoglobin was 8.8 Gm., and the blood urea nitrogen was elevated to 29.5 mg. 

Twenty days after the correction of the coarctation the patient continued to bleed 
per rectum; the hemoglobin was 5.6 Gm. despite repeated transfusions; the urine showed 
a 4+ Benzedine reaction and contained many granular and hyaline casts. The blood urea 
nitrogen was 53 mg. There was radiologic evidence of free air in the peritoneal cavity. 
Abdominal re-exploration was decided upon. There was infarction and gangrene of ap- 
proximately one-half of the ileum. Grossly, the ileal arteries appeared normal. At one 
point several perforations were present in the bowel. A segment measuring about 35 em. 
was resected and an end-to-end anastomosis performed. The postoperative course was pro- 
gressively worse and the patient died on the twenty-seventh day after the operation for 
coarctation. 
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The autopsy showed the aortic suture line to be well healed without evidence of 
mural thrombosis, There was generalized peritonitis with leakage of ileal contents into 
the peritoneal cavity. The major abdominal arteries and veins were patent. Microscop- 
ically there was acute arteriolar necrosis with multiple small recent thrombi in the arteries 
of the intestine. The arterioles showed marked necrosis, predominantly in the media, 
which was out of proportion to the necrosis in the adjacent tissue. The same process was 
present in the urinary bladder, adrenals, kidneys, and renal pelvis with recent infarction 
of these organs (Fig. 1). 





28 ae 


Fig. 1—Photomicrograph of mesentery of case reported. Hematoxylin and eosin (xX 255; 
reduced 4). The arterioles show fibrinoid necrosis. The entire wall has been converted 


into a densely acidophilic, granular, necrotic mass. The same process was present in the 
urinary bladder, adrenals, kidneys, and renal pelvis. 


DISCUSSION 


Extensive clinical and experimental work has been done in regard to the 
physiopathology of hypertension in patients with coarctation of the aorta, and 
the consensus of opinion is that renal ischemia plays a very important role in 
its production, although there may be an added arteriolar constriction.?“7 This 
discussion is beyond the aim of this paper, but it is generally accepted that in 
patients with coarctation of the aorta the vascular bed in the lower part of the 
body is small because it has not been subjected to normal pressures. The blood 
flow is low prior to operation. A period of time is required for these vessels 
to become dilated after the condition is surgically corrected. 

Bing’s‘ pre- and postoperative studies of patients with coarctation corrected 
surgically showed that ‘‘pre-operatively the systolic, diastolic and mean pres- 
sures of the upper extremities were elevated as was the blood flow through the 
arm. The mean peripheral resistance was normal or only slightly elevated. In 
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the lower extremities there was also increased resistance pre-operatively which 
accounted for the decrease in blood flow in the presence of a normal mean arterial 
pressure.’’ Diastolic pressure alone was not considered a good indication of 
peripheral vascular resistance. 


‘*Post-operatively, the blood flow through the arm and the brachial artery 
pressure decreased in the same proportion. Therefore, no appreciable change 
in the vascular resistance occurred. In the leg the blood flow approached nor- 
mal; however, there was a proportional rise in the mean pressure in the femoral 
artery indicating that the post-operative resistance remained elevated. Since the 
resistance in the extremities was not lowered, other parts of the vascular bed 
must accommodate an increased blood flow.’’* 


The arteries of the extremities are surrounded by muscular masses which 
prevent them from being excessively overstretched when the coarctation has been 
removed. The arteries supplying the intra-abdominal organs do not have this 
support and are a weak point when exposed to unaccustomed high pressures. 


Byron and Dodson® were able to produce acute arteriolar necrosis in the kid- 
neys of rats (and in one ease in the gastric mucosa) by making momentary, foree- 
ful, and repeated injections of Ringer’s solution through the carotid artery, thus 
acutely and momentarily raising the blood pressure. They explained it as fol- 
lows: ‘‘This intravascular tension, bordering on the limits of tolerance, leads 
to sudden local overstretching of the vascular wall, the overstretched media of 
the vessel undergoing necrosis and lysis. Plasma and blood may then seep into 
a weakened zone to be converted into a fibrinoid plug by thromboplastin lib- 
erated from the dead muscle, and an inflammatory infiltration would be expected 
to follow in the adventitia as a first step towards repair.’’ 


Following surgical repair of a coarctation, there is a short fall in the blood 
pressure which occurs at the time the aortic clamps are removed. The blood 
pressure rises again to about the level found in the upper extremities before 
surgery. It becomes normal only after days or weeks. The sudden release of a 
high pulsating pressure, to which the vessels below the coareted area had not 
been subjected, represents trauma. In the case reported, the abdominal vessels 
responded to this trauma with necrosis which was localized to the media of the 
small arteries and arterioles. The pathologie changes resembled very closely 
those found by the previously mentioned investigators in their experiments. 

It is probable that a similar, but less severe, reaction occurs frequently in 
patients following surgical correction of their coaretation. In this series of 
forty eases, one patient had abdominal distress more severe than could be ex- 
plained by the effects of anesthesia and surgery alone. Another patient had a 
transient hematuria. In a report by Claggett and Jampolis,® reference is made 
to a patient who on the ninth, tenth, and eleventh postoperative days had 
‘‘severe, sudden, burning epigastric pain’’ and on whom ‘“‘all the findings were 
negative. ”’ 

If this complication proves to be common, the gradual accommodation of 
the splanchnic vascular bed to the new pressure by means of an artificial lower- 
ing of the blood pressure may be advisable. 
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SUMMARY 


Necrotizing arteriolitis of the abdominal organs may occur as a postopera- 
tive complication following correction of coarctation of the aorta. A case is 
reported. 

ADDENDUM 


Since this paper was written, two similar cases have been reported by Lober and 
Lillehei (SuRGERY 35: 950-956 [June] 1954). 


Appreciation is acknowledged to Dr. Bernard L. Brofman for his permission to include 
in this series the three patients with coarctation whom Dr. Beck has operated upon at Mount 
Sinai Hospital of Cleveland. 
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DELAYED APPEARANCE OF METASTASIS FROM CARCINOMA 
OF BREAST 


D. M. Sxuarorr, M.D.,* anp J. A. Steruine, M.D., Sc.D.,** 
PHILADELPHIA, PA, 


TATISTICAL analysis regarding effective therapy for carcinoma is usually 
expressed in terms of five-year or ten-year freedom from disease. This does 
not always measure the biologie potential of cellular activity. We recently have 
observed a patient in whom there was clinical freedom from malignancy for 
thirty-four years before evidence was obtained that metastasis occurred. 


CASE REPORT 


On Nov. 29, 1952, Miss E. W., a 76-year-old white woman, was referred for treatment 
of a lump on the right chest wall. A nodule, 1.2 cm. in diameter, was palpable in the right 
parasternal area. The skin over it was freely movable although the nodule was apparently 
attached to the underlying tissue. The patient refused biopsy. A clinical and x-ray examina 
tion of the chest and opposite breast revealed no evidence of disease or metastasis. She 
was placed on stilbestrol, 5 mg. three times daily. This was discontinued after one week 
because of gastrointestinal intolerance. 

A course of x-ray therapy was administered between Dec. 12, 1952, and Jan. 9, 1953. 
A total of 2,500 r (in air) was given with 130 kv., 5 Ma., 22.5 em. skin-target distance, 
which resulted in complete regression of the nodule. However, an additional skin nodule 
about 5 mm. in diameter was palpated two weeks later in the region of the right fourth 
rib in the mid-clavicular line. This was treated between Jan. 23 and Feb. 25, 1953, with 
similar factors, to a total of 3,250 r (in air). This nodule also disappeared. 

In February, 1954, another nodule was noted on the right anterior chest wall over- 
lying the third costochondral junction. This gradually increased in size. In May, 1954, 
the patient finally consented to biopsy. 

The tumor was excised from the periosteum overlying the third right costochondral 
junction. It measured 1.5 by 0.8 by 0.5 em., had a firm, gray surface with a thin fibrous 
membrane. The cut surface was grayish white, smooth, and somewhat irregular. Micro- 
scopically, the reportt was metastatic carcinoma in subcutaneous fibrous tissue (primary 
in breast). The incision healed primarily. The patient at this time (October, 1954) has 
no further evidence of metastasis. 

Fortunately, the patient’s previous medical records were available. A right radical 
mastectomy had been performed} on March 9, 1920. At the time of operation, carcinoma 
of the breast with axillary metastasis was found, On April 6, 1920, at age 44, she was 
referred§ for roentgen therapy. She was treated with low-voltage x-rays using 125 kv., 
6 mm. aluminum filtration, with the Coolidge tube. The treatment was given in four 
series, each series given approximately four weeks apart. The portals of entry involved 
the supraclavicular, the infraclavicular, and the mammary region, extending to the median 
line of the sternum, and the anterior axillary line. These three doses were given on one 
day, carefully separating the portals. Three portals in the axillary field were given two 
days later with the same technique. Two portals were given posteriorly on the sixth day. 
Three portals involving the left supraclavicular, the left anterior chest, and the left axilla 
were given two days later. (This dosage, according to our present technique, would repre: 
sent 650 r over each of these portals and a total of 2,600 r or four erythema doses.) 
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DISCUSSION 


After thirty-four years since radical mastectomy, without evidence of recur- 
rence, this patient presented metastasis to the chest wall. It would appear that 
carcinoma cells may be dormant for this period and then, once more, become 
active. 

Doyle and Hammer’ reported the post-mortem findings in a ease of perito- 
neal carcinomatosis forty-one years after radical mastectomy. The only other 
ease in which such a long time (forty years) elapsed between the removal of the 
original lesion and the appearance of metastasis is the case reported by Davidson 
and Radcliffe.” 

Steward’s* case of thirty-one-year survival lacks pathologie confirmation. 
The patient reported by Kretzler* lived twenty-five years, but the recurrence 
was first noticed fourteen years postoperatively. Josephy® reported a case of 
twenty-two-year survival after mastectomy. In 1942 Chilko and Quastler® re- 
viewed the literature, and in their series the longest elapsed time between 
original mastectomy and the occurrence of metastasis was sixteen years. 

Woolsey,’ in discussing the problem of late recurrence after radical mastec- 
tomy, concluded that there is no time limit to recurrence. Different explanations 
have been given. In Ransohoff’s* opinion, they result from cancer cells left in 
the first operation, which have remained latent. In the same year Curtis® de- 
scribed an interesting case of late recurrence. At autopsy, fifteen years after 
removal of a breast, several cancer cells in a quiescent condition (without 
mitosis) were found in the deeper glands of the axilla. 


In view of this case report and others cited, we agree with Jordan’? who 
questioned that a patient can be ‘‘eured’’ after therapy for carcinoma of the 
breast. 


SUMMARY 


A ease of metastatic mammary earcinoma, thirty-four years postoperative 
and following radiotherapy, is reported. Other cases of delayed appearance of 
metastasis are cited, and the question of ‘‘cure’’ is discussed. 


REFERENCES 


. Doyle, J. C., and Hammer, G. J.: Peritoneal Carcinomatosis Forty-One Years After 
Radical Mastectomy, J. A. M. A. 149: 17 (Aug.) 1952. 

. Davidson, W. R., and Radcliffe, A. W.: Metastatic Carcinoma After Forty Years, J. 
Indiana M. A. 39: 165 (April) 1946. 

. Steward, F. J.: Cancer of the Breast: Recurrence 31 Years After Operation, Brit. 
M. J. 1: 156 (Jan, 24) 1925. 

. Kretzler, H. H.: Cancer of 25 Years’ Duration, Northwest Med. 26: 3 (March) 1927. 

. Josephy, H.: Carcinoma of the Mammary Gland: Death From Metastasis 22 Years 
After Radical Mastectomy, Illinois M. J. 99: 270 (May) 1951. 

. Chilko, A. J., and Quastler, H.: Delayed Metastasis in Carcinoma of the Breast, Am. 
J. Surg. 55: 75 (Jan.) 1942. 

7. Woolsey, G.: Late Recurrence After Radical Operation for Carcinoma of the Breast, 

Ann. Surg. 80: 932 (Dec.) 1924. 

- Ransohoff, J.: Very Late Metastases After Operation for Carcinoma of the Breast, 
Ann. Surg. 46: 72, 1907. 

. Curtis, B. F.: Discussion on Cancer Symposium, Tr. Am. 8S, A. 25: 210, 1907. 

. Jordan, H.: Ueber spiatrezidice des carcinome, Deutsche med. Wehnschr. 30: 912, 1904. 











PERFORATING (THROUGH-AND-THROUGH) STAB WOUNDS 
OF THE HEART 
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*% 


Puintip CrRASTNOPOL, M.D.,* aNp EpGgar P. Mannix, Jr., M.D.,* 
New York, N. Y. 
(From the University Division, Kings County Hospital, and the Department of Surgery, 
Division of Thoracic Surgery, State University of New York, at New York) 


A SUCCESSFUL outcome following repair of a laceration of the heart is 
no longer rare. Through-and-through wounds, however, are unusual 
and pose a more complex problem, inasmuch as exposure of the posterior 
surface of the heart may be difficult. We are presenting one patient treated for 
this type of injury with a successful result, and another who died. 


CASE SUMMARIES 


CasE 1.—P. M., K.C.H. #37150, a 20-year-old white man, was admitted on Aug. 7, 1953, 
to the Kings County Hospital. Following a party during which he became intoxicated, 
he was stabbed in the chest, fell unconscious in the street, and at 4 A.M. was brought to 
another hospital. There, because of persistent hypotension, he was given 2 units of plasma 
volume expander without appreciable effect. On admission to Kings County Hospital he 
was unable to give an accurate history. He was slightly cyanotic and in shock, with a 
blood pressure of 80/0. The peripheral veins were collapsed, and he was incontinent of 
feces and urine. 

Extending from the body of the sternum into the fifth left intercostal space was a 
3 centimeter laceration through which there was a slow, steady coze of dark blood (Fig. 1). 
On examination, the heart appeared to be of normal size and in its normal position. 
Sounds were regular and clear, and the rate was 100 per minute. There was a paradoxic 
pulse, however, which under such circumstances was pathognomonic of cardiac tamponade. 
Respirations were normal, and the lungs were clear to percussion and auscultation. While 
the operating room was being prepared, portable roentgenograms of the chest were taken. 
These proved to be normal (Fig. 2). 

The patient was given 2,500 c.c. of blood, which failed to elevate his blood pressure 
over shock levels, and then, because of a history of massive external blood loss, an ad- 
ditional 1,500 ¢.c. As the anesthesia was administered, an alarming increase in upper 
torso cyanosis and moderate distention of the cervical veins occurred, due to increasing cardiac 
compression, and the blood pressure rose to 140 systolic, presumably because of hypoxia. 
An incision was rapidly made in the fifth intercostal space overlying the wound, extending 
from the left sternal margin to the posterior axillary line. Small segments of the fifth and 
sixth costal cartilages were removed, the internal mammary vessels ligated, and the pleura 
widely incised. 

A continuous flow of dark blood emanated from a laceration in the parietal peri- 
eardium. The left index finger was inserted through the pericardial rent into a wound 
which penetrated the anterior wall of the right ventricle, and the pericardium was in- 
cised anterior to the left phrenic nerve. Approximately 300 c¢.c. of elotted and liquid 
blood then escaped under pressure, and a wound 1 centimeter in length, extending through 
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the anterior wall of the right ventricle, was identified 2.5 em. medial to the interven- 
tricular groove (Fig. 3). Blood loss was stemmed by digital pressure, and a 00 silk suture 
was then placed in an avascular area of the apex for traction according to the recom- 





Fig. 1—(Case 1, P. M.) The site of entry of the knife is in the fifth anterior intercostal 
space to the left of the sternum. 








Fig. 2.—(Case 1, P. M.) The roentgenogram of the chest taken on admission to the hospital 
is within normal limits. 











842 CRASTNOPOL AND MANNIX - Surgery 
May, 1955 


mendation of Beck.1,2 This permitted retraction of the heart inferiorly and to the left 
so that closure of the wound was easily accomplished, using only one interrupted silk 
suture. 

Observation now disclosed that blood continued to collect in the retrocardiac region. 
Inasmuch as a perforating wound of the posterior wall of the heart seemed likely, the 
cardiac apex was displaced anteriorly and to the left by traction on the apical suture. 
This provided wide exposure of the posterior surface, After the pericardial space had 
again been aspirated, a transverse wound 1 em. in length was found in the posterior wall 
of the right ventricle, 2 cm. cephalad and to the right of the site of the wound of en- 
trance (Fig. 4). There was no injury to the posterior parietal pericardium. Bleeding 
was again controlled by digital compression, and the wound was closed with three inter- 
rupted 00 silk sutures. The pericardial sac was irrigated with normal saline solution, and 
its edges reapproximated, leaving the lower end open for drainage. A rubber tube was 
placed at the base of the pleural space for underwater drainage, and the wound was closed 
in layers. 

















Fig. 3.—(Case 1, P. M.) The stab wound in the anterior wall of the right ventricle lies 
approximately 2.5 cm. to the right of the interventricular groove. 


Postoperative electrocardiograms on the day of admission showed some slurring of 
the QRS in Lead I, and 8-T elevations in Leads IT and III, indicating myocardial dam- 
age. AR = VR = 100, P-R interval was 0.16, QRS 0.06. On August 8 the electrocardio- 
gram showed a P-R interval of 0.16, QRS of 0.06, a rate of 120, and elevation of the S-T 
segment indicating pericarditis. On August 13 elevation of the S-T segment was no longer 
present, although T-wave abnormalities persisted. 
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Fig. 4.—(Case 1, P. M.) The heart has been displaced anteriorly, exposing the posterior 
wound in the wall of the right ventricle. 


Fig. 5.—(Case 1, P. M.) A roentgenogram of the chest taken two weeks postoperatively 
Somenetenios residual fluid in the left pleural space. The contour of the heart is within 
norma. mits. ; 
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The patient’s postoperative course was relatively uneventful. He had a feve 
for ten days, during which time oral and parenteral antibiotics were administered. 
Four hundred fifty cubic centimeters of serosanguineous fluid was aspirated from th: 
left pleural space during the second week. The paradoxie pulse noted preoperativel 
disappeared, and signs of pericardial effusion or friction rub were never elicited. Roent 


genograms of the chest taken Aug. 21, 1953 (Fig. 5), showed some pleural reactio: 
in the left costophrenic sinus. The patient was discharged on the twenty-fifth day i: 
good condition, and has remained well in follow-up examination. 


CasE 2.—L. J., K.C.H. #16726, a Negro man, aged 42 years, was admitted to the Kings 
County Hospital on April 17, 1954. While engaged in an altercation one hour beforé 
entry, he had been stabbed in the left chest. 

On examination he was restless, disoriented, and failed to respond to questioning 
His breath had an alcoholic odor. The skin was dry and cool and the blood pressure was 
unobtainable. There was no dyspnea, cyanosis, or distention of cervical veins, A transverse 
laceration 2 em. in length extended laterally from the left sternal border in the fourth 
intercostal space. The lungs were clear to percussion and auscultation, but the heart 
sounds were inaudible. The blood hemoglobin was 11.5 Gm., and the urinalysis was normal. 
The preoperative diagnosis was penetrating stab wound of the heart. 

An infusion of glucose in water was begun and 2,500 ¢.c. of blood typed and cross- 
matched. The patient remained in shock, and two hours after admission he was taken 
to the operating room. Under general anesthesia an incision was made in the fourth 
anterior intercostal space on the left side. As the pleural space was entered, 1,000 c.c. 
of liquid and clotted blood escaped, and at this time two transfusions were begun. The 
pericardium was noted to be distended and blue, and only very feeble cardiac pulsations 
were visible. The pericardium was quickly incised and about 500 e.c. of blood was evacu- 
ated. An opening, 2.5 em. in length, was found in the anterior wall of the left ventricle 
1 em. to the left of the interventricular sulcus. The left index finger was inserted through 
the wound into the left ventricular cavity, but some blood continued to escape. Cardiac 
pulsations had now ceased. While cardiac massage was maintained, four interrupted 00 
silk sutures were placed and tied, controlling any further loss of blood from the wound. 
An incidental finding was a white, stellate scar which was noted anteriorly overlying an 
aneurysmal dilatation in the apex of the left ventricle, which was considered to be an 
old myocardial infaret. Another laceration 1.5 em. in length was palpated in the posterior 
wall of the left ventricle 4 cm. above the apex. An apical traction suture of 00 silk was 
placed, the heart rotated anteriorly and to the left, and the posterior opening closed with 
two 00 silk sutures. 

It was estimated that an additional 500 ¢.c. of blood was lost throughout these ma- 
nipulations, but the patient had by then received almost 2,000 ¢.c. of blood. An additional 
500 ¢.c. of blood was administered directly into the left ventricle without noticeable effect. 
During the thirty-three-minute resuscitative period which ensued, ventricular fibrillation 
was noted on three occasions, and the heart was defibrillated, utilizing a current of three 
amperes and 110 volts. In addition, a total of 1.5 ¢.c. of 1-1,000 Adrenalin and 2 Gm. of 
calcium chloride were administered into the heart chambers during this interval. None 
of these measures was effective, however, in restoring a normal heartbeat, and the patient 
was pronounced dead thirty-five minutes after all effective cardiac contractions had ceased. 


Comment.—Had a pericardiocentesis been performed preoperatively, it 
might have been possible momentarily to relieve the tamponade, permitting 
thoracotomy and further decompression of the pericardial space, without 
death. It was demonstrated, further, that despite a degree of tamponade 
sufficient to prevent exsanguination from an extensive laceration of the 
heart, enough blood may flow to the vital centers te maintain life for short 
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periods of time. In this regard, it is of interest to note that Cohen, Warden, and 
Lillehei? were able to maintain life for thirty minutes in dogs, utilizing only 
that amount of blood returned to the heart by way of the azygos vein (approx- 
imately 10 per cent). 

DISCUSSION 


The rarity of through-and-through wounds of the heart becomes apparent 
by analysis of reports of large numbers of patients with cardiac injuries. 
Launay was believed to be the first to report a successful repair of a perforating 
wound of the heart in 1902.4 A review of the English literature since 1930 
reveals only a few isolated reports of perforating wounds of the heart.**® 
Undoubtedly this review does not accurately reflect the actual incidence 
of this type of injury, since some cases were unreported, while others were 
included in larger series, but may not have been specified as being perforating in 
nature. For example, Bigger’ commented on 141 operated cases of stab wounds 
of the heart in 1939, but made no mention of perforating injuries. Nelson*® 
noted that four of his twenty-seven patients had ‘‘multiple’’ wounds. 

Our survey of the literature over the past twenty-five years has indicated 
that the reported experience with operative repair of perforating wounds 
of the heart is limited to fewer than twenty cases. Naclerio and his associates” *° 
reported the largest series of penetrating wounds of the heart, comprising eighty- 
one patients, of whom seventy-six suffered from stab wounds. Three of these 
had through-and-through wounds of the left and right ventricles, and all 
survived. Samson'' noted that six of fifty-seven battle injuries of the heart 
were through and through. He added that Boyden successfully repaired a per- 
forating wound, and he knew of at least four more which were seen in forward 
medical installations. Maguire and Griswold’ ?* had ‘‘several’’ through-and- 
through wounds in their series of thirty-three patients, but none survived, while 
Elkin,**-'* in a total experience with sixty-one patients, mentioned one through- 
and-through wound which was successfully repaired. Bigger,’ in 1940, men- 
tioned one perforating wound of the left ventricle with death. 

Most of the patients sustaining such injuries fail to survive long enough to 
undergo exploratory thoracotomy because of the extensive nature of the injury. 
When the agent is a ii’ gh velocity missile, such as a bullet or piece of shrapnel, 
chanees for survival are minimal. In stab wounds, however, the injury is likely 
to be less extensive, since there is no bursting force, there is less hemorrhage into 
the myocardium, and there is no loss of myocardial substance. 


Operative versus nonoperative management of heart wounds is a subject 
which has been of interest to one of us’® since conservative therapy was advised, 
under certain circumstances, by Blalock and Ravitch.’® In 1948 four patients 
with stabs wounds of the heart were presented, of whom three were treated con- 
servatively with good result. The disadvantages of a conservative regimen, 
however, include the following: 


1. Extrusion of an occluding clot may lead to later death from hemorrhage 
and tamponade. 
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2. A cardiac aneurysm may form around the wound site. 


3. An adhesive or constrictive pericarditis may be a late complication. 


4. There is greater danger of suppurative pericarditis. 


5. Air embolism and injury of the coronary vessels may result from repeated 
pericardiocenteses. 


Since the risk of thoracotomy is minimal when expert anesthetists and un- 
limited quantities of blood are available, we believe that under optimal con- 
ditions operative intervention for apparently extensive cardiac wounds may 
offer a greater chance for survival than a policy of watchful waiting. 

When the through-and-through injury involves the posterior wall, exposure 
of this area may present a technical difficulty. The use of an apical traction 
suture, as described by Beck,’ has been most helpful in surmounting this problem. 
The suture is placed through 7 or 8 mm. of muscle, approximately 1 em. above 
the apex in an area devoid of major vessels. The wall is thick in this region, and 
a good bite can be taken without danger of penetrating the left ventricular 
chamber or producing a tear in the myocardium. Bleeding from the suture 
holes is inconsequential. Samson" described a method for exposing the pos- 
terior surface of the heart, which he termed ‘‘palming.’’ The assistant’s hand 
is placed over the heart with the fingers curling over the apex, thereby facili- 
tating retraction superiorly and anteriorly to expose the posterior surface. 
In the dog, the heart may be displaced far anteriorly in this fashion, with wide 
exposure of the posterior surface. Prolonged manipulation, however, may re- 
sult in ecardiae arrhythmia, eventuating in irreversible ventricular fibrillation. 


SUMMARY 


1. We have presented two patients with perforating (through-and-through) 
stab wounds of the heart. 

2. The recovery of one patient after operative repair was uncomplicated. 

3. The second patient died at thoracotomy, presumably of cardiae tam- 
ponade. 

4. We have briefly reviewed the literature and noted other instances of 
through-and-through wounds of the heart with recovery. 
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Editorial 








‘*Good, Sound Clinical Judgment’’ 


NE hears the title of this editorial repeated time and again in the course 

of conscientious medical and surgical practice, it being the custom to put 
on a grave look and say, ‘‘ Well, after all, it’s a matter of good sound clinica! 
judgment.’’ Is there any justification in the clinician seeking shelter behind 
this time-worn phrase in defense of his decisions? Of course there is. Very 
often there has been no clear-cut study which can guide him in making decisions 
which are of the greatest importance to his patient’s welfare or even to his life. 
At such times, the experienced clinician makes the decision he must through a 
judicious estimate of the situation and by his recollection of how similar cir- 
cumstances have been most effectively dealt with in the past, both by himself and 
by others. Now, it is true that, because of the uncertainties of biased selection 
in the experience of the surgeon, this is a rather hazardous foundation on which 
to base what is often so important a decision. Yet it is the only way in which 
it ean be done, and the excellence of modern surgical care attests to the usual 
accuracy of this sort of judgment. 

What does an experienced clinician do when he ealls on his ‘‘ good, sound 
clinical judgment’’? Really, he is making a sketchy statistical evaluation of 
the probabilities for success under the various courses of action which are open 
to him. He does not have time to calculate a p value for each possibility, but 
he is making his decision on statistical grounds, however rudimentary. It is the 
only basis on which a decision can be reached. 

We can forgive the surgeon his neglect of the niceties of statistical analysis 
in this urgent clinical situation, but it is more difficult to forgive continuing 
failure to invoke the help of this precise method of evaluation in clinical (and 
laboratory) investigation. 

Let us concede from the start that there are circumstances which make 
controlled clinical investigation extremely difficult, if not completely impossible. 
This certainly does not mean that nothing can be gained by a statistical evalu- 
ation of such data, nor does it constitute license to fail in the use of proper con- 
trols where such are technically and morally feasible. 

How often one hears the following remarks! 


1. ‘‘If we use statistics, it will take us 100 cases to get something 
significant!’ 

2. ‘‘Our statistician tells us that these results aren’t significantly 
different, but we can see it if he ean’t!’’ 

3. ‘‘If you have to use statistics to prove something, it doesn’t mean 
anything anyway !’’ 

4. ‘‘You ean prove anything you want with statisties.’’ 
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To comment on these statements one by one: (1) If there is ‘‘nothing 
significant’’ in ten to twenty cases, then it really should not be foisted off on 
the medical public until the study does signify something; and besides, not 
thinking about the inadequacy of one’s data will not help. (2) Unless an error 
(of commission or omission) can be found in the clinical criteria used to set 
up the statistical analysis, this man is seeing things. (3) There certainly are 
experiments, in both the clinical and laboratory areas, where the differences are 
happily so great that nothing more than inspection is necessary) to reach a valid 
decision. These are rare, and are actually less common in clinical investigation 
because of the less rigorously controlled character of such studies. Extra- 
ordinarily meaningful relationships may be apparent only after careful statistical 
serutiny because of the number of uncontrolled variables influencing the results. 
(4) What will be ‘“‘proved’’ by any statistical analysis depends completely upon 
the sophistication with which the criteria for analysis have been chosen. What 
are the proper indices for successful therapy? Which cases can be justifiably 
included or excluded from the data? Has there been any artifactual selection at 
work; and, if so, can proper account be taken of this in the analysis? And so 
forth. 

Certainly if one’s statistical criteria are illogical and/or are manipulated 
at will, absurdities will result. However, if they are sound, the statistical 
analysis which is based upon them will yield much valuable information for the 
investigator. 

It is in the selection of the eriteria for the statistical analysis that one’s 
‘‘good, sound clinical judgment’’ will be tested. Why should we ask more of 
it than is necessary ? 

The science of statistics is not designed to obfuscate issues, but to clarify 
them. It can help the clinical investigator reach valid decisions which other- 
wise would not be possible, and it is as necessary a technique to good research 
as the specific clinical skills required by the study under consideration. 


—John F. Prudden 
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ARTERIAL INJURIES IN THE KOREAN CONFLICT 
EXPERIENCES WitH 111 CoNSECUTIVE INJURIES 
FRANK K. Inur,* Caprain, MC, USA, JAMES SHANNON, Captain, MC, USA, Aanb 
JoHN M. Howarp,** Caprain, MC, USA 


MONG the advances made by medical officers in the Korean conflict, none 
were more dramatic than the successful repairs of acute arterial injuries. 
This report is a summary of our experience at a forward surgical hospital dur- 
ing the last eighteen months of the conflict. It was during this period that the 
technique of arterial repair of the battle wound was developed.’ As a result, 
this report spans, and thereby contrasts, two periods: the period of arterial 
ligation and the period of arterial repair (Table I). 

Prior to April, 1952, ligation of transected arteries was almost routine. 
The disastrous results are well known.*:*> Twenty-six major peripheral arteries 
were ligated, twenty-four of which were in consecutive casualties, with a re- 
sultant amputation rate of 62 per cent (Table II). In addition, in two of these 
patients, the common carotid artery was ligated and both patients developed a 
hemiparesis. Two or more additional patients, following ligation, developed 
distal ischemia to such an extent as to impair seriously the function of the limb. 

The high rate of amputation following ligation had therefore not diminished 
since DeBakey and Simeone reported the results of ligation in World War I] 
(Table IIT). 

Because of this high rate of major amputations resulting from arterial 
ligation, and based on the progress made in vascular surgery since World War 
II, primary repair of arterial injuries was undertaken as a formal study by 
the Surgical Research Team in Korea in 1952..)*:° Thereafter, at the 46th 
Surgical Hospital, seventy-five acute arterial injuries were repaired primarily. 
These casualties represented consecutive arterial injuries with the exception of 
two soldiers who could not be resuscitated sufficiently to permit adequate opera- 
tion, and a third soldier who was semicomatose following an injury to the eom- 
mon carotid. The latter casualty was observed and evacuated without operation. 
The patients were, therefore, unselected except for the erude selection based on 
the ability of the patient to survive operation. With this exception, all major 
arteries, regardless of the time lag or ischemic changes in the distal extremity, 
were repaired. 


9° 
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Improvement in the results was unequivocal. The amputation rate fell 
from 62 per cent following ligation to 7 per cent following repair (Table IIT). 
A fall in the amputation rate was noted following injuries to the upper and lower 
extremities (Fig. 2) as well as following injury to each of the major vessels 
(Table IV) (Fig. 3). 


TABLE I. MANAGEMENT OF ACUTE ARTERIAL INJURIES 






























































MANAGEMENT NUMBER 
Ligation: January-April, 1952 26 
Restoration of continuity: April, 1952-June, 1953 75 
Observation (common carotid) 1 
Died of uncontrolled hemorrhage (iliaes) 9 
Total Lil 
TABLE II. MANAGEMENT OF ARTERIAL INJURIES: RESULTS OF LIGATION 
RESULTS 
ISCHEMIA WITH 
MARKED FUNCTIONAL 
TOTAL SATISFACTORY IMPAIRMENT AMPUTATION 
ARTERY NUMBER | NUMBER | PERCENT | NUMBER | PERCENT | NUMBER | PER CENT 
Subclavian 1 _ ~ ~ _ 1 100 
Axillary ‘ 4. I 25 2 50 1 25 
Brachial 6 3 50 - _ a 50 
Common femoral 3 | 33 - - 2 67 
Superficial femoral 4 1 25 - - 3* 75 
Popliteal 6 - - - - 6 100 
Common carotid 2 - - 2t 100 0 0 
Total 26 6 23 4 15 16 62 
*Hunter’s canal. 
+Hemiparesis. 
TABLE III. MANAGEMENT OF ARTERIAL INJURIES: AMPUTATION RATE 
KOREA KOREA 
WORLD WAR II4 (LIGATION ) (REPAIR ) 
PER CENT PER CENT | PER CENT 
ARTERY NUMBER | AMPUTATION | NUMBER | AMPUTATION | NUMBER | AMPUTATION 
Subclavian Si 29 z 100 1 0 
Axillary 74 43 4 25 4 0 
Brachial - - 6 50 25 0 
Above profunda 97 56 
Below profunda 209 26 
Internal iliae 1 0 — - 1 0 
External iliac 30 47 _ - 3 33 
Common femoral 106 81 3 67 9 0 
Superficial femoral 177 55 + 75 12 8 
Popliteal 502 73 6 100 17 18 
Common earotid - - 2 100* 3 0 
Total 26 62 75 7 





*Hemiparesis, not included in over-all amputation rate of 62 per cent. 


SURGICAL MANAGEMENT 


Diagnosis —The diagnosis of an arterial injury may be completely clear cut 
or tantalizingly equivocal. It became obvious in our experience that a high 
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UPPER EXTREMITY LOWER EXTREMITY 


Fig. 2.—Following arterial repair, amputation of the upper extremity was unnecessary 
All five amputations following arterial repair occurred with wounds of the lower extremi- 


ties. 
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BRACHIAL FEMORAL POPLITEAL 


Fig. 3.—A striking reduction in the amputation rate was noted following the repair of each 


of the major arteries. 
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TABLE IV. MANAGEMENT OF ARTERIAL INJURIES: RESULTS FOLLOWING RESTORATION 
OF CONTINUITY 























RESULTS 
TOTAL SATISFACTORY AMPUTATION 
ARTERY NUMBER NUMBER | PERCENT NUMBER PER CENT 
Subclavian 7 1 100 0 0 
Axillary 4} + 100 0 0 
Brachial 25 25 100 0 0 
Internal iliac 1 i 100 0 0 
External iliac 3 2 67 1 33 
Common femoral 9 9 100 0 0 
Superficial femoral 12 11 92 1 8 
Popliteal 17 14 82 3 18 
Common carotid 3 3 100 0 0 
Totals 19 70 93 5 fj 





index of suspicion was the greatest aid in the preoperative diagnosis of arterial 
injury. In spite of this, the diagnosis frequently was made only at operative 
exploration of the vessel in question. 

Inspection, as a rule, will reveal two or three points aiding in the diagnosis. 
The location of the wounds of entrance and exit should lead one to suspect the 
possibilities of vascular injury. Following vascular injury, the relative size of 
the involved extremity is sometimes greater than normal and the swelling is some- 
times tense. The extremity may be pale or have a ruddy cyanotic appearance, 
the former appearance indicating arterial injury and the latter, perhaps, both 
arterial and venous involvement. 

Auscultation may occasionally reveal a bruit over the area of injury. Blood 
pressure differentials and oscillometrie readings were not determined in this 
study. 

The temperature differential is generally of diagnostic aid, but it becomes 
of no value in a soldier who has been lying out in subzero weather for several 
hours before being picked up. Absence or diminution of peripheral pulsation 
falls in this same category. Both lowered temperature and decreased pulsation 
may be present !n an extremity whose major vessel has no organic injury but 
whose circulation is impaired by a displaced bone fragment, segmental spasm, 
or generalized peripheral vascular collapse. One must, however, explore such 
an extremity if the wound lies in the proper position to have injured an artery. 
Of equal importance in the diagnosis is the unequivocal fact that a pulse often 
may be palpated distal to the site of an arterial injury. 

Examination of the roentgenograms and study of the probable missile path 
will frequently give one a clue as to the presence or absence of arterial injury. 
As stated previously, it is necessary to explore a vessel simply on the basis of 
probability determined by the position of the retained missile or path of the 
wound. This statement is true even in the absence of any or all the diagnostic 
signs of arterial injury, for all too frequently, an arterial injury becomes evi- 
dent only when the wounds are more adequately explored and débrided. 

Principles of Treatment.—The first principle, that restoration of continuity 
must be achieved in order to permit consistent salvage of extremities, is de- 
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pendent upon several time-worn but oft-ignored secondary principles. [Exposure 
must be adequate and should be achieved before any clot in the vessel is dis- 
lodged. 

Once exposure and hemostasis are obtained, the success of the anastomosis 
depends on several factors. First, débridement of the soft tissues must be ade- 
quate, for infections in inadequately débrided wounds may lead to secondary 
thrombosis or secondary hemorrhage. Second, the defective artery itself must 
be adequately débrided as intimal damage may lead to early thrombosis. Resee- 
tion of the artery should include all grossly damaged areas. Third, as previously 
described,* * 78 anastomosis should result in a smooth intima-to-intima ap- 
proximation. Fourth, anastomosis must be achieved without tension on the 
suture line. The success of the operation is primarily dependent upon the 
application of this technical discipline. Short euts will lead to thrombosis. 
Grafts from the cephalic or saphenous vein were used in sixteen casualties with 
results which, within the limits of this study, appeared completely satisfactory 
(Table V). The insertion of a vein graft is far superior to anastomosis with 
tension. 


TABLE V. RESTORATION OF CONTINUITY: RESULTS OF OPERATION, SEVENTY-TWO 
PATIENTS—SEVENTY-FIVE INJURIES 











TYPEOFREPAIR  ——sS 
NUMBER OF | ANASTOMO- | TRANSVERSE | 








ARTERY INJURED ARTERIES SIS REPAIR VEIN GRAFT AMPUTATIONS 

Subclavian 1 0 0 1 

Axillary 4 3 0 1 

Brachial 25 19 4 2 

Lliac + 3 0 1 One following anas- 
tomosis 

Common femoral 9 3 2 2 

Superficial femoral 12 8 2 2 One following anas- 
tomosis 

Popliteal 17 10 3 + Two following anas- 
tomosis, one follow- 
ing vein graft 

Common earotid 3 0 2 1 

Total 75 46 13 16 





Under the conditions in Korea, a prolonged time lag before operation was 
not a contraindication to repair. Successful reanastomosis was achieved as late 
as twenty hours after injury (Table VI). Observations, to date, suggest that 
surgical failure is dependeat upon technical errors at the time of repair or 
ischemic changes in the distal muscle prior to operation. As previously de- 
seribed,* © 7 an anastomosis may be technically perfect and the distal arterial 
pulsation full, yet gangrene of the muscles may require amputation. This 
clinical picture was noted twice. The skin was viable and the distal pulse was 
excellent, yet the muscles were dead. Although specific data are not yet avail- 
able, this is believed to be the result of preoperative ischemia due to arterial 
interruption rather than due to small vessel thrombosis and continued post- 
operative ischemia. Time lag prior to surgery has, as with incarcerated hernias, 
a relative rather than an absolute significanee. If collateral circulation is good, 
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a successful anastomosis may be achieved after many hours, for in this respect, 
the success seemingly does not depend upon changes in the artery itself but in 
the muscle. Conversely, following the complete interruption of the circulation 
for only a few hours, restoration of the arterial flow may occasionally prove 
futile. 


TABLE VI. Time LAG BEFORE RESTORATION OF ARTERIAL CONTINUITY 














TIME NUMBER OF NUMBER OF PERCENTAGE 

(HOURS) PATIENTS* AMPUTATIONS AMPUTATED 

0-3 2 0 0 

3-6 24 2 8 

6-9 25 0 0 

9-12 16 2 12.5 
12-15 4 1 25 
Over 15 4 0 0 
Total 75 5 





Average time lag 7.9 hours 





*Three patients with two injuries each are included twice. 


Postoperative Complications—There were two types of infections en- 
countered in this group of patients; the first was gas gangrene involving the 
peripheral portions of the extremities. These patients were those in whom 
the operator took a chance on an extremity that should have been amputated 
originally. The second type of infection was that developing at the site or 
around the site of the anastomosis (Table VII). This was in all probability 
due primarily to inadequate débridement of the wound. The presence of these 
wound infections did not necessarily result in a breakdown of the repair in 
every instance. However, this was the most common outcome. Secondary 
repair was attempted twice but success was doubtful as far as the anastomosis 
was concerned. Amputation was unnecessary in these latter two patients; 
apparently the delay in occlusion was sufficient to permit development of ade- 
quate collateral circulation to maintain a viable and functionally useful limb. 


TABLE VII. MaAgor COMPLICATIONS OF ARTERIAL REPAIR 








Leading to amputation: 


Primary thrombosis 2 
Wound infection with secondary thrombosis 1 
Preoperative ischemia (anastomosis patent) 2 
No amputation necessary: 
Secondary hemorrhage 2 
Pulmonary embolus 1 
Thrombosis (including follow-up) 5 
Wound infection 3 





Breakdown of an arterial repair occurred only in the presence of a wound 
infection. 

The development of thrombosis at the site of repair or distal to the anastomo- 
sis was infrequent. It occurred four times in the immediate postoperative 
period. Another occurred in a vein graft whose distal circulation was question- 
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able at the time of completion of surgery. Late thrombosis is known to have 
occurred in four others but this follow-up is incomplete. The latter four re- 
tained useful limbs. Sympatheectomy and anticoagulants were not used follow- 
ing arterial repair. 

Three patients in the series died, two from associated injuries and one from 
a pulmonary embolus which occurred thirty days later following reparative 
surgery of other injuries. 


Problems.— 


Iliac arteries: One of the unsolved problems is the management of injuries of 
intra-abdominal arteries. Patients with aortic injuries did not reach the hospi- 
tal alive. Not infrequently, however, casualties with injuries of the iliae arteries 
reached the hospital alive only to die of continued hemorrhage prior to opera- 
tion or shortly after the induction of anesthesia. The problem of arterial in- 
juries is not solved until the problem of intra-abdominal hemorrhage is solved. 

Carotid arteries: We treated six patients with injuries to the common 
carotid artery. One patient was unconscious and considered inoperable. He 
was evacuated after two days of observation. Two patients, prior to the period 
of reparative therapy, had the carotid ligated and both developed a severe 
hemiparesis. Three casualties had the vessel repaired, one with a vein graft, 
two with transverse repairs. The latter three patients had an uncomplicated 
convalescence. Additional study is required before a policy of primary repair 
of carotid injuries ean be firmly established. At this time it appears to be the 
treatment of choice. 

Arterial spasm: As evidenced by the frequent delay before the distal pulse 
returns after anastomosis, arterial spasm is not an infrequent sequela of trauma. 
Spasm of a degree to present a therapeutic problem, although infrequent, is 
an extremely difficult problem. In one instance the spasm responded to wrap- 
ping the spastic segment for fifteen minutes with a sponge soaked with 2.5 per 
cent papaverine.® 

Two other patients were called to our attention in whom this complication 
occurred, both being noted at the time of primary surgery. One did not respond 
to papaverine or procaine soaks. The surgeons then distended the femoral 
segment with intraluminal saline solution, but the spasm returned. Finally 
the anastomosis was taken down and an additional segment of artery excised 
and a vein graft inserted, but treatment was inadequate and amputation was 
eventually necessary. <A third patient with a similar wound came to amputa- 
tion in spite of lumbar sympathectomy and the use of procaine locally and 
intravenously. Again this is infrequent as a major complication, occurring 
only once in our series. 

CONCLUSION 


Out of the Korean experience, one very important general conclusion is 
evident, namely, that primary, restorative surgery of major arterial injuries is 
feasible and mandatory. The feasibility of primary repair in a forward surgical 
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hospital has been clearly demonstrated by the fact that following restoration 
of continuity in seventy-five consecutive wounds, the amputation rate fell from 
the earlier experiences of 48 and 62 per cent following ligation to 7 per cent 
following primary repair. 
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INDICATIONS FOR SPLENECTOMY 
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(From the Department of Surgery, University of Michigan Medical School) 


N 1910 Dr. W. J. Mayo’ reported four cases of congenital hemolytic anemia 

treated successfully by splenectomy, and he predicted that ‘‘many of the 
anemias and associated blood states may ultimately be best treated by operative 
procedures, directly to the spleen and other blood-forming organs.’’ Much 
progress has since been made toward the better understanding of blood dys- 
erasias and the role the spleen may play in their pathogenesis, but there still 
exists considerable controversy regarding the indications for splenectomy. The 
purpose of this communication is to express our present concept of the indications 
for splenectomy, based on the follow-up study of 220 cases treated by splenec- 
tomy during the past twenty years at the University Hospital. The diseases for 
which splenectomy was performed are listed in Table I. 

Although the hematologist is generally responsible for the diagnosis, the 
medical treatment, and the decision for splenectomy in these patients, the sur- 
geon must have a working knowledge of the diseases treated and must be par- 
ticularly informed as to the prognosis and the results offered by splenectomy. 


DEFINITION AND CLASSIFICATION 


The normal functions of the spleen are not completely understood ; most 
of the ascribed functions have been deduced from study of patients with 
blood dyserasias rather than having been demonstrated through animal ex- 
perimentation. Three established functions of the spleen which appear to be 
especially important in understanding the blood dyscrasias are (1) its impor- 
tant role in the orderly destruction of red cells; (2) its inhibiting or control- 
ling effect upon the release of the formed elements of the blood by the bone 
marrow; (3) the production of certain antibodies by the spleen as part of the 
lymphoreticular system. Accentuation of normal splenic function has been 
termed ‘‘hypersplenism.’’ This may be manifested by increased hemolytic 
activity or the selective decrease in the various cellular elements of the blood. 
Hypersplenism is termed primary when the disease appears to arise from 

We are indebted to our colleagues in the Departments of Internal Medicine and Pediatrics 
for assistance in this study, and particularly to Dr. Muriel C. Meyers and Dr. Ruth M. Heyn 
for the data on hormone therapy and for guidance in preparing the paper. 
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some primary or idiopathic disorder of the spleen. When the spleen is in- 
volved in or influenced by some coexisting disease so that hypersplenism re- 
sults, the term ‘‘secondary hypersplenism’’ is used. By and large, the best 
results from splenectomy are obtained in primary hypersplenism. 

Table II classifies some of the disorders of the spleen according to the 
associated changes in the peripheral blood. The following discussion deals 
with the disease entities treated by splenectomy, with emphasis placed upon 
therapy and prognosis rather than diagnosis. 


TABLE I. SPLENECTOMY: 220 CASES (1954-1954) 








DISEASE | NUMBER OF CASES 








Idiopathic thrombocytopenic purpura 69 
Congenital hemolytic anemia 47 
Acquired hemolytic anemia 3 
Congestive splenomegaly (cirrhosis, Banti’s, Cruveilhier- 

Baumgarten, and Smith-Howard syndrome) 31 
Splenic Neutropenia (Felty’s syndrome) 11 
Hypoplastic anemia 4 
Sarcoidosis 4 
Hypersplenism secondary to neoplasm in spleen 3 
Splenic pancytopenia 2 
Gaucher’s disease 2 
Splenic cysts 2 
Miscellaneous reasons (1 lupus, 1 infectious mononucleosis, 

lL lymphoblastoma, 1 hypersplenism and ulcerative colitis, 1 

myeloid metaplasia) 
Splenomegaly (etiology undetermined) 3 
Total 220 





TABLE II. DISORDERS INVOLVING THE SPLEEN ASSOCIATED WITH BLOOD CHANGES 








ANEMIA THROMBO- 





CYTOPENIA 
ANEMIA THROMBOCYTOPENIA NEUTROPENIA NEUTROPENIA 
1. Congenital hemo- Essential thrombo- Splenic neutropenia Splenic pancytopenia 
lytic anemia eytopenic purpura 
2. Acquired hemo- Purpura secondary to Felty’s syndrome Congestive spleno- 
lytie anemia splenic involvement megaly (Banti’s 
with lymphoma, tb, syndrome) cirrhosis, 
sarcoidosis, or other ete. 
diseases 
3. Hemolytic anemia Secondary to splenic Secondary to splenic 
secondary to involvement with involvement with 
lymphoma, leu- other diseases Gaucher’s disease, 
kemia, or other sarcoidosis, others 


diseases 





THROMBOCYTOPENIC PURPURAS 


Idiopathic Thrombocytopenic Purpura.—This disease is probably the most 
frequent blood dyserasia for which splenectomy has been advocated. It af- 
fects both sexes but is more common in the female, and it involves principally 
young adults. Its clinical manifestations may range from a mild disorder 
manifested only by mild purpura to the fulminating type of disease with mas- 
sive hemorrhage from the body orifices and into the internal organs. The 
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clinical course may be cyclic in nature, and permanent remissions may occur. 
Several observers have emphasized the difference in the characteristics of 
idiopathic thrombocytopenic purpura in children and in adults. In children 
the disease is more commonly acute and self-limited, whereas in the adults a 
cyclic or chronic pattern is more common. Spontaneous remission occurs more 
commonly in children than in adults. Newton and Zuelzer? reported spon- 
taneous recovery in 75 per cent of children as compared to 25 or 30 per cent in 
adults. 


Physical examination discloses signs of bleeding, and increased capillary 
fragility as demonstrated by the tourniquet test. Splenomegaly is not usually 
present. The demonstration of absent or decreased platelets in the peripheral 
blood, inereased eapillary fragility, prolonged bleeding time, defective clot 
retraction, and a cellular bone marrow with absent platelet budding from the 
megakaryocytes, serve to substantiate the diagnosis. Histologic examination 
of the bone marrow is essential in all cases, to help rule out thrombocytopenic 
purpura resulting from drug idiosynerasy or toxicity or involvement of the 
bone marrow occurring in such conditions as leukemia, Hodgkin’s disease, and 
metastatic neoplasm. 

The etiology of idiopathic thrombocytopenic purpura is unknown. Vari- 
ous theories have been advanced, for example, that the spleen is the site of 
increased platelet phagocytosis (Doan 1940), that the spleen inhibits the 
formation of platelets in the bone marrow by hormonal control (Dameshek 
and Miller 1946‘), and that there are abnormal ‘‘humoral substances’’ in the 
circulating blood. The demonstration of a thrombocytopenic factor by Har- 
rington® and a platelet-agglutinating factor by Evans® have lent credence to 
the humoral theory. 

The indications for splenectomy in idiopathic thrombocytopenic purpura 
eannot be dogmatically stated. Realizing that spontaneous recovery is more 
frequent in children, we have chosen not to resort to splenectomy in treating 
these patients unless the disease appeared chronic or unless severe bleeding 
developed or appeared imminent. Until 1949 splenectomy was reserved for 
those patients, both children and adults, who demonstrated moderate or 
severe hemorrhagic manifestations which did not undergo spontaneous remis- 
sion, and who could not be managed by the limited medical measures at hand. 
With the introduction of adrenocorticotropin (ACTH) and cortisone in 1949, 
the approach to therapy in this and other blood dyscrasias was altered. The 
effective mechanism of these hormonal agents is not clearly understood ; how- 
ever, the rationale for their use has been based on the knowledge that they 
modify the activity of the lymphoid and reticuloendothelial systems, of which 
the spleen is a major part. The decrease in capillary fragility produced by 
these agents is particularly important in thrombocytopenic purpura, where 
intracranial hemorrhage is the chief cause of death. 

A summary of the results obtained by the use of hormonal agents in forty- 
six patients is given in Table III. Eleven of these patients were children 
(under 14 years of age). The responses to the drugs have been classified as 
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optimal or suboptimal, optimal implying a cessation in hemorrhagic manifesta- 
tions and a return to normal of the hematologic picture with a normal platelet 
count for one week or more. Cases in which the response was not that of 
complete clinical or hematologic remission were classified as suboptimal. The 
suboptimal group was further divided according to cases showing fair or poor 
results, classifying as poor the cases in which the platelet counts remained 
below 50,000 but below normal levels. The most effective daily dosage in 
adults was found to be 100 mg. of ACTH or 300 mg. of cortisone. The drugs 
appeared to be equally effective, and continuing the therapy beyond fourteen 
days did not enhance the therapeutic effect. 


TaBLE IIT. Ip-opATtHic THROMBOCYTOPENIC PURPURA: TREATED Wi1TH ACTH oR CORTISONE, 
46 PATIENTS 








RESPONSE | SUBSEQUENT COURSE 
Optimal 26 Sustained remission 13 





Relapsed 13 
Followed by splenectomy 
Not followed by splenectomy 
Prior splenectomy 


Suboptimal 20 Followed by splenectomy 1 
Recovered without splenectomy 
Prior splenectomy 


ern dows 








Twenty-six patients had an optimal response to initial therapy; thirteen 
of these have had a sustained remission to date and thirteen patients have 
developed relapses. In the latter thirteen patients, remissions were repro- 
dueible by readministration of the hormones, but it appeared that if a sus- 
tained remission was not obtained by the first course of therapy then it was 
not sustained after subsequent courses. Twelve of the thirteen patients re- 
sponding with sustained remission had had symptoms for three months or less. 
It therefore appears unlikely that a sustained remission can be anticipated in 
patients with a prolonged history of purpura. This fact might be used as an 
argument in favor of considering the patients who developed a sustained re- 
mission with these agents as having had the acute self-limited type of purpura 
which would have undergone spontaneous remission without steroids. Even 
so, the use of these agents during such illness may induce a remission and 
prevent fatal complications that might otherwise occur before the spontaneous 
remission could take place. Two patients treated in this group had under- 
gone splenectomy with failure at outside hospitals, while one patient had a 
previous splenectomy at the University Hospital followed by removal of three 
accessory spleens without benefit. 

Twenty patients showed a suboptimal response to the drugs, although all 
were benefited to some degree as judged by clinical improvement and improve- 
ment in the Rumpel-Leede test and bleeding times, even though the platelet 
count remained low. Figs. 1 and 2 represent the course of two patients 
treated with ACTH or cortisone, one developing a sustained remission, the 
other treated by splenectomy following a suboptimal response to the hor- 
mones. 
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IDOPATHIC THROMBOCYTOPENIC PURPURA 
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Fig. 2.—A remission induced by splenectomy after a suboptimal response to cortisone 
in a 25-year-old man with a two-year hisiory of ease of bruising, epistaxis, and recurrent 
hematemesis, 
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In the light of this experience we have concluded that thrombocytopenic 
purpura should be initially treated with ACTH or cortisone in the hope of 
producing a sustained remission. If the remission is not sustained and a re- 
lapse occurs, then splenectomy should be carried out while the patient is under 
control with a second course of ACTH or cortisone. If there is a suboptimal 
response to the administration of hormones, then splenectomy should be ear- 
ried out during the course of administration of hormone therapy. Follow- 
ing splenectomy the hormones are gradually withdrawn during a three- to 
four-day period. 


RESULTS OF SPLENECTOMY 


During a twenty-year period ending July, 1954, splenectomy was carried 
out on sixty-nine patients with idiopathic thrombocytopenic purpura. A fol- 
low-up study has been obtained on all patients and the results of therapy are 
given in Table IV. Remission has been produced by splenectomy in sixty-one 
patients, death has ensued in six, and two patients are living without benefit 
from splenectomy. Analysis of the deaths are given in Table V. During the 
past five years twenty-seven patients have been treated by splenectomy and 
there has been one death and one failure without death. This death occurred 
in an infant who entered the hospital at the age of 7 weeks with a six weeks’ 
history of purpura. There was, in addition, a large hemangioma in the cervi- 
‘al and pharyngeal area which partially obstructed the airway. This patient 
was treated with cortisone with poor results and underwent splenectomy 
which failed to produce a rise in platelets beyond 43,000 although there was 
subsidence of the bleeding tendency. Two months later the patient died of 
hemorrhage when an attempted excision of the large cervical hemangioma was 
done. 


TABLE IV. RESULTS OF SPLENECTOMY: IDIOPATHIC THROMBOCYTOPENIC PURPURA, 69 CASES 
(1934-1954), MALES—20, FEMALES—49 











| NUMBER OF CASES | PERCENTAGE 
Remission by splenectomy 61 88.4 
Deaths following splenectomy 6 8.7 
Failure without death 2 2.9 





TABLE V. ANALYSIS OF Six DEATHS: THROMBOCYTOPENIC PURPURA, 69 CASES 
(1934-1954) 








2 Massive brain hemorrhage 

2 Massive hemorrhage into body cavities 

1 Hemorrhage during excision of hemangioma 
(age—7 wk.—poor platelet response ) 

1 Died 5 months postsplenectomy without platelet response 
(6 aecessory spleens found at autopsy) 








With the routine use of adrenal steroids in the treatment of this disease 
and in the preoperative preparation, mortality from the disease and the risk 
of operation should be lowered to near zero levels. 

Secondary Thrombocytopenic Purpura.—Thrombocytopenia is occasionally 
the sole manifestation of hypersplenism secondary to known diseases such as 
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tuberculosis of the spleen, sarcoidosis, Hodgkin’s disease, or leukemia. The 
clinical picture in these patients may closely simulate that of essential throm- 
boeytopenie purpura and in some eases be indistinguishable from it. These 
patients as a rule, however, have an enlarged spleen, and in many cases the 
primary disease has been diagnosed prior to the onset of the hypersplenism. 
Bone marrow examination is essential to determine whether the thrombocyto- 
penia is due to hypersplenism or invasion of the bone marrow by the disease 
process. If the bone marrow discloses the presence of adequate numbers of 
megakaryocytes, then a favorable response to splenectomy ean be anticipated. 
If, however, the bone marrow discloses a marked decrease in the megakaryo- 
eytes, as could be expected in purpura due to allergy, chemical intoxication, or 
leukemic infiltrations, then splenectomy is contraindicated and may be detri- 
mental to the patient. A graphic example of the clinical course of a patient 
with thrombocytopenic purpura secondary to involvement of the spleen with 
Hodgkin’s disease is shown in Fig. 3. 


SYMPTOMATIC THROMBOCYTOPENIC PURPURA 
(secondary to Hodgkin’s of spleen) 
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Effect of splenectomy on thrombocytopenic purpura secondary to Hodgkin’s disease 


Fig. 3. 
known to be present in this 19-year-old boy for two years. 





HEMOLYTIC ANEMIAS 


Hereditary Spherocytosis——This disease, also known as spherocytic anemia, 
congenital acholurie jaundice, and splenic anemia, needs little discussion since 
the indications for splenectomy are clear-cut and the results uniformly good. 
The disorder is due to a structural abnormality in the erythrocytes which is 
transmitted equally in both sexes as a Mendelian dominant. Because of the 
abnormality, the erythrocyte is more susceptible to hemolysis, most of which 
takes place in the spleen. Symptoms are referable to the presence of anemia, 
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and splenomegaly, and the occurrence of intermittent jaundice. A potentially 
dangerous aspect of this disease is the development of acute hemolytic crisis, 
which is generally characterized by profound weakness, sudden onset of fever, 
abdominal pain, nausea, vomiting, and jaundice. The crisis in some instances 
may be precipitated by infection or trauma. There is evidence to show that 
in some cases of crisis there is an acute depression of the erythroid elements 
of the bone marrow. 

Cholelithiasis is a frequent coexisting condition in spherocytosis, because 
of the increased production of bile pigments from hemolysis over many months 
or years. We have found gallstones in approximately one-third of the pa- 
tients with this disorder. The gallstones can be removed by cholecystectomy 
at the time of splenectomy or at a subsequent operation. 

The diagnosis is generally made by the demonstration of spherocytosis, 
anemia, reticulocytosis, increased osmotic fragility of the red cells, hyper- 
bilirubinemia, increased urinary urobilinogen, and hyperplasia of the eryth- 
roid elements of the bone marrow. Circulating antibodies as demonstrated 
by the Coombs test are usually not present. Leukocytosis is common, and a 
family history is important. 

Splenectomy is advised for this disease regardless of the age of the pa- 
tient. Our youngest patient was 1 month old when the diagnosis was made, 
but splenectomy was delayed until 7 months, because of pertussis. The results 
of splenectomy in this disorder are shown in Table VI. We prefer not to 
perform splenectomy during severe hemolytic crisis, although occasionally it 
may be necessary. Usually by the cautious use of blood transfusion and sup- 
portive measures, the marked hemolysis subsides, enabling the surgeon to 
operate upon a patient who is a safer risk. Consideration should be given to 
the use of ACTH or cortisone during crises since some of these patients have 
secondary hypersplenism from prolonged splenomegaly. 


TABLE VI. RESULTS OF SPLENECTOMY: CONGENITAL HEMOLYTIC ANEMIA 
(HEREDITARY SPHEROCYTOSIS), 47 CASES (1934-1954) 











| NUMBER 
Well, following splenectomy 45 
Deaths 2 


(1 mesenteric thrombosis, 
1 hemocelastic crisis and 
transfusion reaction) 





Acquired Hemolytic Anemia.—There has been considerable confusion re- 
garding the classification of patients with acquired hemolytic anemia. Classi- 
fication has been determined primarily by the etiological factors found respon- 
sible for the disorder and the presence or absence of demonstrable circulating 
antibodies. In the most common type of acquired hemolytic anemia, the 
mechanism appears to be a development of an autoimmunization characterized 
by autoantibodies which attach themselves to the circulating red blood cor- 
puscles, eventually causing agglutinatioin and hemolysis. In most instances, 
the fundamental reason for the development of this autoimmunization is not 
clear, but in some eases it appears to follow or to occur during infections, par- 
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ticularly virus infections. When no fundamental cause can be discerned, this 
disorder has been termed ‘‘idiopathic acquired hemolytic anemia.’’ In some 
cases a fundamental disease process is found and the acquired hemolytic ane- 
mia can be considered secondary or ‘‘symptomatic.’’ The diseases responsi- 
ble for the development of the hemolytic anemia are most commonly asso 
ciated with the lymphoid and reticuloendothelial systems. Dameshek’ has 
described an additional classification of acquired hemolytic anemia, differen- 
tiating it from the idiopathic or symptomatic types by the absence of detect- 
able antibodies. In addition to the anemia, these patients have splenomegaly 
and a variable degree of pancytopenia. Dameshek classified this type as ‘‘hy- 
persplenic.’’ In our work we have not distinguished between the idiopathic 
and hypersplenic types, and have classified all these patients under idiopathic 
acquired hemolytic anemia. The clinical picture may be quite similar to 
hereditary spherocytie anemia, from which it must be distinguished. The 
acquired form of the disease, however, usually occurs in middle or late life 
and appears to be more common in the female. The systemic manifestations 
of the disease such as fever, weight loss, and malaise are usually more pro- 
nouneed in the acquired form of the disease, and there is no familial tend- 
enecy. The spleen is palpable in approximately one-half the patients with 
acquired hemolytic anemia, whereas it is almost always palpable in the heredi- 
tary form of the disease. Lymphoadenopathy and hepatomegaly may be 
prominent. Spherocytosis and increased red cell fragility may or may not be 
present, and there is often a decrease in the white blood count as opposed to 
a normal or slightly elevated count in the hereditary form of the disease. 
Circulating antibodies may be demonstrable by the Coombs technique. 
Patients with acquired hemolytic anemia may undergo spontaneous re- 
mission, as do patients with essential thrombocytopenic purpura. In the past, 
therapy has usually consisted of repeated transfusions and supportive meas- 
ures, reserving splenectomy for those patients who failed to respond to these 
measures or undergo spontaneous remission. In the past five years ACTH and 
cortisone have been extensively used in the treatment of acquired hemolytic 
anemia, with variable results. Our medical colleagues have, to date, treated 
twenty-five patients with these agents, four of whom at the time had or later 
developed some systemic disease which would classify them as ‘‘symptomatie’’ 
‘ather than ‘‘idiopathiec.’’ In only four patients has a complete sustained re- 
mission been effected by the use of these drugs. Seventeen patients have been 
submitted to subsequent splenectomy, and one patient had splenectomy prior 
to treatment with the steroids. The results of therapy with ACTH or corti- 
sone are given in Table VII. 
TaBLE VII. AcquiRED HEMOLYTIC ANEMIA TREATED WITH ACTH or CorTISONE, 25 PATIENTS 




















RESPONSE | SUBSEQUENT COURSE 
Complete remission 6 Sustained remission 4 
Relapsed 2 
Followed by splenectomy l 
Incomplete remission 19 Followed by splenectomy 16 


Prior to splenectomy l 
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RESULTS OF SPLENECTOMY 

Thirty-six patients have been treated by splenectomy for acquired hemo- 
lytic anemia, eighteen of these patients having been operated upon during the 
five-year period ending July, 1954. The results of splenectomy are shown in 
Table VIII. The beneficial results produced by splenectomy are probably the 
result of removing a major site of hemolysis, the spleen, and the removal of 
a portion of the reticuloendothelial system responsible for the production of 
antibodies. 


TABLE VIII. RESULTS OF SPLENECTOMY: IDIOPATHIC ACQUIRED HEMOLYTIC ANEMIA, 
36 CASES (1934-1954), MALES—10, FEMALES—26 











| NUMBER OF CASES | PERCENTAGE 
Good results 19 52.8 
Fair to poor—living 9 25.0 
Mortality—postoperative and delayed 8 22.2 





**Secondary’’ Acquired Hemolytic Anemia.—As mentioned previously, pa- 
tients suffering from various systemic disorders may develop splenomegaly 
and a variable degree of hemolytic anemia of the secondary type. In our 
experience this has occurred most commonly in patients suffering from chronic 
leukemia, sarcoidosis and tuberculosis involving the spleen, and so-called con- 
gestive splenomegaly. The latter condition will be discussed in more detail 
under a separate heading. In general the prognosis in these patients is poor 
by virtue of the nature of the primary pathology; however, if the hemolytic 
anemia is a prominent factor, splenectomy may afford good palliative results. 
Our over-all results in this small group of patients have been rather poor, but 
in certain instances life may be prolonged and made more comfortable by 
stopping or decreasing the hemolytic effect brought on by these diseases. 


NEUTROPENIA 


In 1939, Wiseman and Doan® described a new clinical syndrome charac- 
terized by marked neutropenia and splenic enlargement. Some years later 
these investigators pointed out that patients with splenic neutropenia in many 
instances displayed, in addition, thrombocytopenia and anemia of the hemo- 
lytic type. These patients were classified as having splenic pancytopenia. The 
dividing line between the two syndromes is not clear-cut, and most patients 
with splenic neutropenia have some depression in the platelet count and vari- 
able degrees of anemia. The term ‘‘Felty’s syndrome’’ is applied to those pa- 
tients with splenic neutropenia who have, in addition, rheumatoid arthritis. 
The clinical manifestations of these three syndromes are often similar, the pa- 
tients showing marked lack of resistance to both systemic and local infections, 
along with weakness, occasional purpura, and a general lack of good health. 
In our patients the occurrence of chronic leg ulcers has been frequent. 

Oddly enough, we have treated but one patient whose case could be clas- 
sified as pure splenic neutropenia. We have, however, treated by splenectomy 
ten eases of splenic neutropenia with varying degrees of rheumatoid joint 
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changes. The joint changes were in some cases minimal and transient in na- 
ture and in others typical of long-standing chronic rheumatoid arthritis. In 
general, such patients are benefited by splenectomy, which is usually followed 
by an increase in the white blood count and platelets as well as a decrease in 
anemia. Splenectomy appears to have no effect on the joint changes. As 
shown in Table IX, we have treated by splenectomy eleven patients, ten of 
whom had joint manifestations. The results have been excellent in nine pa- 
tients; death resulted in two. One patient, a woman 69 years of age, died 
four months after splenectomy without having experienced a satisfactory rise 
in the white blood cell count. During the postoperative period lymphosar- 
coma involving the pubis was discovered, and this was thought to have con- 
tributed to her death. The second patient who died was a 46-year-old woman 
whose white blood count had risen following splenectomy, but who six months 
later, at another hospital, developed an overwhelming septicemia that re- 
sulted in death. At the time of death the patient’s white blood count was 
27,500. In spite of her satisfactory response following splenectomy, the post- 
operative course had been poor, and at that time a diagnosis of disseminated 
lupus erythematosus was considered. Since no autopsy was performed, this 
diagnosis was not substantiated. 


TABLE IX. SPLENIC NEUTROPENIA (FELTY’S SYNDROME), 11 CASES (1934-1954), 
MaLES—1l1, FEMALES—10 














RESULTS | ‘NUMBER oo 
Good 9 
Poor 2 





SPLENIC PANCYTOPENIA 


Splenectomy has been performed for splenic pancytopenia in two eases. 
The first patient had a satisfactory response; the second patient died of jaundice 
and liver necrosis, five days after the operation. 


HYPOPLASTIC ANEMIA 


Splenectomy is not usually indicated for patients with blood dyserasias 
unless the bone marrow examination is normal or preferably hyperplastic. 
One exception to this rule is in the treatment of hypoplastic anemia. The 
effectiveness of splenectomy in this group of patients is felt to be due to the 
removal of the normal inhibiting effect of the spleen upon the bone marrow. 
Welch and Dameshek® term this normal inhibiting action ‘‘splenism.’’ 

In addition to the anemia, the patients with this disease whom we have 
treated have had moderate to severe neutropenia in all instances and de- 
creased thrombocytes in two instances. Clinical manifestations have been 
those associated with the marked anemia, and in one patient there was a 
moderate tendency to bleed. Four patients have been subjected to splenec- 
tomy for hypoplastic anemia. One patient, a 35-year-old woman with marked 
depression of the white cells and platelets as well as anemia, made a complete 
recovery following splenectomy in 1945. A second female patient 35 years 
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old has benefited only minimally since splenectomy in 1953 and still requires 
repeated transfusions. A third patient was a 30-year-old woman with anemia 
and leukopenia who showed a complete lack of response to splenectomy and 
died one year later, in 1948. The fourth patient was a 49-year-old man who 
had marked anemia and leukopenia. The bone marrow examination showed 
normal to inereased megakaryocytes and increased erythropoiesis but de- 
ereased granulopoiesis. He died on the fifth postoperative day of a pulmo- 
nary infarction with septic emboli, and hemorrhagic pancreatitis. 


CONGESTIVE SPLENOMEGALY 


Under this heading are“classified patients with Banti’s syndrome, Smith- 
Howard syndrome, cirrhosis of the liver with hypersplenism, and Cruveilhier- 
Baumgarten syndrome. These diseases have been grouped under the heading 
‘‘Congestive Splenomegaly,’’ although this term is not completely descriptive, 
because in a small number of cases obstruction to the portal circulation can- 
not be demonstrated. One will note in Table I that thirty-one splenectomies 
have been performed for these diseases. Twenty-seven of these operations 
were performed before 1949 and have been reported previously.’° Although 
gratifying results have been obtained in a few instances, particularly with 
those patients whose symptoms were due to the presence of a tremendously 
enlarged spleen, the over-all prognosis in this group has been poor. Follow-up 
studies have revealed that approximately 20 per cent survive ten years and 
approximately 40 per cent survive five years. 

With a better understanding of these disease processes and the advent of 
shunting procedures between the portal and systemic venous systems, the in- 
dications for splenectomy as the sole treatment appear only rarely. Symp- 
toms in these patients appear to arise from three factors, often in combination. 
The first factor is that of liver dysfunction, which is generally manifested by 
ascites; the second is portal hypertension, most commonly manifested by the 
presence of esophageal varices and bleeding; and the third is hypersplenism. 
In the light of our present knowledge, splenectomy has no beneficial effect 
upon ascites or other manifestations of liver cell dysfunction. It appears also 
that shunting procedures are contraindicated in patients with chronic ascites 
that cannot be controlled by medical measures. Although splenectomy will 
temporarily reduce portal pressure, the use of splenectomy alone without 
shunting is contraindicated for portal hypertension. The presence of portal 
hypertension can usually be ascertained by recognition of esophageal varices 
by barium or rugar studies of the esophagus, or by demonstration of varices 
in splenoportal venography.’ 12 The latter technique is safe and simple, and 
gives valuable information about the portal vein. It appears that splenectomy 
without shunting should not be carried out when the portal vein is obliterated. 
Examples of normal and abnormal splenoportagrams are shown in Fig. 4. 
Portal venous pressure can, of course, be estimated at laparotomy. 

Occasionally, congestive hypersplenism will be present without demon- 
strable hepatic dysfunction or portal hypertension. In such eases splenectomy 
alone may be indicated. Because these disorders generally arise from initial 
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disease in the liver or the extrahepatic portal system, hypersplenism without 
liver dysfunction or abnormally high portal vein pressure is unlikely. In 
the past five years we have not encountered a case which fits into this cate- 
gory. During that period we have performed splenectomy alone in two pa- 
tients suffering from portal cirrhosis with hypersplenism. Both these patients 
died during the postoperative period. One interesting patient was treated by 
splenectomy, following a portacaval shunt for cirrhosis due to hepatitis at 
the age of eight years. This patient, a 16-year-old girl, had had severe eso- 
phageal varices with bleeding and also severe hypersplenism manifested by 
leukopenia and thrombocytopenia. A portacaval shunt was successfully per- 
formed and no further gastrointestinal bleeding occurred. The spleen be- 
came smaller but the patient continued to show decreased platelets, ease of 
bruising, hypermenorrhea, and intermittent hematuria, necessitating the 
splenectomy, which has produced a remission of the bleeding tendency. 





Fig. 4.—a, Normal splenoportagram. b, Splenoportagram in a 48-year-old woman with 
portal thrombosis, splenic hypertension, and esophageal varices. Contrast material is seen 
in the splenic capsular veins and the short gastric veins ascending to gastric and esophageal 
varices. 


OTHER CONDITIONS TREATED BY SPLENECTOMY 

In 1950, Coller, Blain, and Andrews’ reported from our clinic the results 
of splenectomy in several miscellaneous disorders which included two patients 
with Gaucher’s disease, two patients with splenic cysts, and three patients 
with splenomegaly of undetermined etiology. All these patients recovered 
following splenectomy. In addition, one patient who suffered spontaneous 
splenic rupture due to infectious mononucleosis and one patient with lupus 
erythematosus were reported. The patient with infectious mononucleosis 
recovered, but the patient with lupus erythematosus, although temporarily 
benefited, later died. 

Splenectomy has been performed recently in four patients suffering from 
sarcoidosis of the spleen. In no patient was the preoperative diagnosis of 
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sarcoidosis made. Two of the four patients had hypersplenism, one char- 
acterized by severe thrombocytopenia and one characterized by leukopenia. 
All patients were extremely ill and all died, two in the immediate postopera- 
tive period and two several months later. Although splenectomy produced a 
good hematologic response in the case with secondary thrombocytopenic pur- 
pura, the patient died on the eleventh postoperative day of what was diag- 
nosed clinically as a pulmonary embolism. 

Hypersplenism secondary to neoplasm in the spleen has been cause for 
splenectomy in three patients. A good palliative result was obtained in one 
ease (Fig. 3). Two patients with hemolytic anemia secondary to leukemic 
involvement of the spleen have died. One experienced palliation for six 
months, then died suddenly of what appeared to be thrombosis of the portal 
vein. The other patient was not improved by splenectomy and died one year 
later. A 17-year-old boy with mild ulcerative colitis, splenomegaly, and sec- 
ondary hypersplenism was treated by splenectomy and has been much im- 
proved over an eighteen-month period. In a patient with agnogenic myeloid 
metaplasia, splenectomy was necessary following hemorrhage from a splenic 
needle biopsy site. The patient died soon after the operation. 


TECHNIQUE OF SPLENECTOMY 


The technical aspects of splenectomy have been adequately discussed in 
the literature. In our practice we prefer in most instances to remove the 
spleen by an abdominal approach through a left upper quadrant transverse 


or oblique incision. In certain cases where splenomegaly is of great propor- 
tion, and particularly in Banti’s syndrome, where splenectomy is usually asso- 
ciated with a splenorenal shunt, a combined thoracoabdominal approach pro- 
vides excellent exposure and maneuverability. We do not advocate a strict 
transthoracic approach to the spleen since this procedure is attended with a 
higher morbidity and does not allow adequate inspection of the intraperitoneal 
structures. 

Mention should be made of the importance of removing accessory splenic 
tissue, especially in attaining a cure in the primary hypersplenic states. A 
thorough search of the splenic pedicle, the pancreas, gastrosplenic ligament, 
omentum, transverse mesocolon, and mesentery should be made. We have 
found accessory spleens in approximately 14 per cent of patients undergoing 
splenectomy for blood dyscrasias. 


CONCLUSIONS 


Good results from splenectomy can be anticipated in most instances of 
primary hypersplenism, particularly idiopathic thrombocytopenic purpura, 
splenic neutropenia, Felty’s syndrome, and splenic pancytopenia. Less favor- 
able results can be anticipated in acquired hemolytic anemias. Congenital 
hemolytic anemia is cured by splenectomy. The adequate use of ACTH and 
cortisone in many of these blood dyscrasias has led us to conelude that these 
agents should be the initial means of therapy in idiopathic thrombocytopenic 
purpura and idiopathic acquired hemolytic anemia. If sustained remission 
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cannot be produced with these agents, then splenectomy should be advised. 
It should be emphasized that failure to respond adequately to hormonal ther- 
apy does not necessarily indicate that splenectomy will fail to produce a 
remission, also that the hormones may be used successfully at least palliatively 
following splenectomy should the latter prove a failure. These agents have 
aided the surgeon materially by improving the patient’s condition before 
operation and thus ensuring a much lower mortality rate. 

Splenectomy for the secondary types of hypersplenism does not yield con- 
sistently good results, chiefly because of the poor prognosis of the coexisting 
diseases. In certain instances, however, marked palliation or even cure may 
be forthcoming. The mortality following splenectomy depends principally 
on the type of disease for which splenectomy is performed. We have found, 
as have others, that the mortality is highest in congestive splenomegaly, and 
we now seldom perform splenectomy without shunting for this disorder. 
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